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Despite the use of dextrans as food additives, very |llttie information
is avallable on the effects of orally administered dextran. Several workers
have shown that extracts of various tissues of different mammals, including
man, possess dextranase activity, the activity being locallzed primarily
in the small-intestinal mucosa (14, 100, 195, 196). Bioom and Wilhelmi
(100) have shown that In both rat and man the oral administration of dextran
leads to a signlflcant and sustained increase In blooa reducing substance
and in liver glycogen. Parkinson (772) also observed ar increase in |iver
glycogen of rats following dextran feeding. Baker stated, without support-
ing data, that while dextran is edible and assimilated without unfavorable
effect on the human system, it appears that the alpha-(1-6) l|inkages are
resistant to attack by bacteria and enzymes present In the gastro-intestinal
tract (54). He also stated that blologlcal tests (unspecified test
animals) have demonstrated that when dextran containing a high proportion
of alpha-(1-6) linkages is Included In a normal diet on a regular regimen,
gain in body welght s inhibited (54).

A good deal more information is avallable on the effect of parenterally
administered dextran. During the World War || perlod dextran was considered
for possible extensive use as a plasma expander. As a result, a great
deal of research was conducted on the effects of Intravenously administered
dextran. An excellent review of this work was compiied by Squire et al.
(950) in 1955. Rather than try to summarize the work of Squire et al., which
is of questionable value in the evaluation of a food additive, their review
is reproduced in Its entirety in the back-up matertal of this monograph.

[n an extensive study by Hueper (461), eleven different dextrans were
administered to mice, rats and rabblts In single and multiple doses through
s.c., 1.p., and i.v. routes. The maximal observatior period for the mice
and rats was two years; for the rabbits, up to four years (461). On the
basis of his results, Hueper (461) concluded that some, but not all, dextrans
elicit upon parenteral introduction into rats and mice, and perhaps also
in rabbits, sarcomas originating from organs and tissues in which the sub-
stance is retalned and stored, i.e., the reticuloendothelial tissues. |In
a study by Lusky and Nelson (647), 10 male and 10 female Osborne-Mendel
rats and 10 male Bethesda Black rats were glven weekly s.c. injections of
1 ml of 6% dextran for 73 weeks without the formation of any injection-site
tumors. Richmond (830) reported that a highly significant number of rats
given I.m. injections of an iron-dextran complex developed Injection-site
tumors while rats given dextran alone developed no injection-site tumors.

Numerous studies, many of which appear to contradict each other,
have been conducted on the effects of intravenously administered dextran

on tumor promotion In animals fnoculated with tumor c2lls. Typical of

the studies in which dextran was found to promote tumor growfh, Hagmar
(393) and Fisher and Fisher (281, 282) found that i.v. injection of dextran
enhances the productlion of tumors in mice, rats and rabbits treated with
tumor cell suspensions. On the other hand, Wood et al. (1094) reported
that i.v. administration of dextran to rabbits before or after inoculation



with carcinoma cells failed to significantly alter the incidence of tumor
q'\ formation. Further studies of this sort were excluded from this monograph.



DEXTRANS

Chemical Information

I. Nomenclature
A. Common Names
1. Dextran
B. Chemical Names
1. Dextran

C. Trade Names

1. Macrose

2. Macrodex
3. Intradex
4. Polyglucin
5. Dextraven
6. Onkotin

7. Expandex
8. Gentran

9. Plavolex

C. Chemical Abstracts Registry Number

PM9004-54-0

Il. Empirical Formula

(C6H1005)n



11, Structural Formula

. 6
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Fic. 2. Two glucose units forming part of the molecular chain in destran. Dextran is charactetized by the alpha 1 : 6 link between the two
Anits. o

IV. Molecular Welght
Dextran can vary widely in molecular weight (values of up to several
million have been reported), and any dextran can be degraded to dextrans

having essential ly the same structure but .of considerably lower molecular
weights.

V. Specifications
A. Chemical
No Information Avallable
vB. Food Grade
No Information Avallable

C. Clinical

The specifications for dextran to be used as a plasma expander are
as follows (950):



{ HEMICAL AND PHYSICAL SPECIFICATIONS FOR CLINICAL DREXTRAN

1.5, Great Brituin
(Military Medical Purchase (Ministry of Health
Description, 1954) Spezification, 1951)
Anilysis: Apnalysis:
Dextrasi 5.7-6.3 .f100 ml. Pextran 5.5 0.5 /100 ml,
Sodium chioride 0.85-0.95 ./ Sodium chiuride €.85-0.65 ¢./
100 ml 100 ml.
Bufering capacity 3 3.0 ml. Potassium i 25 mg /105 ml,
0.1 N NaGli/htre
pH 4.5-1.0 pH 5.0-7.0
Nittosen « 1.00 mg /100 ml. Reducing sugars < 100 myp.f
Heavy metals 25 fead < G5/ 100 ok,
100 snd. Acetone < 0.02 g.{10C ml.

Ash (less NaCl)<0.05 g./100 ml.  Nitropea < 1.00 mg./100 sl
Heavy metals as lead < 0.5 mg./

100 ml.
Molecrilar Compesition: Molecular Comprsition:
Whole polymer My 75,0004 Intinsic viscosity 0.32 4 0.03
15,000 dl./g. in aqueous sofution at
High 109, fraction Mw 37°C.
+ 200,000 High 10% fraction—intrinsc
Low 109 fraction Alw viscosity = .53 dljgz in
& 25,000 aqueous solution a: 37°C.
Inherent viscosity 0,255 £0.035 Renal excreidon (under stated
dl/g. in aqueous solution at conditions in rabbits) < 257

25°C.

Vi. Descripfionv
A. General Characteristics:
See Next Section
B. Physical Properties
Jeanes et al. characterized the dextrans produced by 96 Individual

bacterial strains. The properties of these dextrans zre
Table 1 (501). ere presented In



TanLe [

PROPERTIES AND CLASSIPICATION OF PURIFIED DEXTRANS FROM 06 DIPFERENT STRAINS OF BACTERIA, IDENTITY AND ORIGIN OF THE STRAINS 1
Dextran ’

Strain 2P AGY tinks, {a]®o (¢ 1) :::g.s 0 Solu- — Steaia ' ‘

no, 14 13- —  Yicid, bility, . Tden. :

NRKRLB- 1,6 like Lke HCONILINKOMH (] ky %® waterd Nature of product * tityd Dooor sad donor's no. %/ Other strain no. and ref.

- Class A Dextrans, 0-29 1,3-like links v
1146 97 3 0 +214 1.245 1.07 11 - + " Long L.d. NCIB 3356 P-2615"
1064 9 4 0 214 0.887 091 20 +49p. Tough, stringy Lm. CSMe . - 548 Type D¥ )
1414 06 4 0 214 - 869 .06 156 + Short L.m. Isolate :
145 . 96 2 2 214 1.020 .83 24 + Loug Ld. NCIB ' 3355 521

SI2FM® 05 5 0 215 4208 0.953 1.10 24 + Long " Lm. RGB# . - Substrain of B-512%

640 9% 5 0 214 1.280 1.03 14+ Long Ld. ATCC 8086 227; its dextran? ‘
1066 9% 5 0 215 0.521 0.83 11 +p Crumbly, F* Lm., CSMc Subtype of type D® ‘
1208 5 5 0 213 628 1.37 17 +p Crumbly Lm., CSMc v Type D® ' :
1210 95 S 0 008 1.33 24 + Short, rough L.m. CSMe Type DB f
1211 95 5 0 214 813 $.30 16+ Short, smooth Lm,  CSMe Type D9
1368 5 5 0 219 A7T6 137 15 +p Pasty, crumbly, F L.m. EJH )
1200 95 3 2 215 .693 0.87 18 + Short, siooth L.m. CSMc . Type D® |
1119 9f 4 2 217 1.617 .86 7 + Cohesive, stringy L.m. ATCC . 8357
1072 84 6 0 216 0.83 .93 24 + Long ° Lm. ARS Substrain of B-512
1108 94 6 0 213 760 130 23+ Stort, B I.m.  CSMe Type D® i
1212 9¢ 6 0 , 16+ Short L.m, CSMe Type D® _

13%0 9¢ 6 0 213 848 139 47 + Short u ALP . Simnilar to strain reported®
. 93 7 0 068 a7 2 4+ Short, tough ~ : - A

M¥%y 94 6 0 216 660 134 9 4+ Short .Lm.  Isolate - ST

1412 94 6 0 216 1.127 008 12+ . Long Lm. Isolate . ' I

1413 94 6 0 "0.704 121 15+ Short L.m. Isolate , o . .

1417 - 94 6 Q. 217 654 1,14 17+ hort, F L.m.  Isolate _ ' : )

3412 9. 6 0 214 1.019 . 0:886 16 + Fluid. stringy Lm. CSMc Type AB

1204 03 T 0 0.846 1.28 18 <+ Crumbly Lm. CSMe Type D#

1214 03 7 0 21 + Short, F L.m. CSMc - Type DB
1197 92 6 2 212 510 1.13 8+ Tloc. ppt. L.m. CSP " 683 g
1307 91 9 0 215 ©.052 1.08 19 +p Short, tough Lm. JMN, BJH ~g" References 10, 29, 30
1388 01 9 O 817 1.09 186+ Sbort, tough Lm. RP : ’ )

1225 90 10 0 208 . 2 +p Short Ac, LjH . NCTC 4043, Ret. {19)
1228 9 10 ¢ 212 704 0.87 20 4p Short " Awv. EjH NCTC 72186, Ref. (19;

1500 90 10 0 215 204 .83 1.71 19 <+ p Short, tough (L.m.) CSMc ] Type ' o
1415 8 11 0 216 1.18 0.1 12 4+ Stringy L.m.  Isolate . v
1106 88 10 .2 215 0.800 1.22 26 + Short Lm.  WWC “elai” Rel. (31)

1409 8 14 0 : 050 1.02 7 4 Stringy L.m. Isolate _
1383 8 16 0 217 057 112 15 4 p Short, rough . Lm. RP

1410 8 16 0 216 873 0.8 17 + Short L.m, Isolate
1825 83 17 0o 217 843 0.88 24 + Fluid, stringy L.m. Isolate
10 - 82 18 0 218 857 1.03 14 +p Short, stiff Lm. RP

1% %t 19 0 28 B10 100 13 4p Short v Lm. RP

\ » .




TasLe I (Continu~d)

Strain

. . . De
T AGU link Viscosit
,..L”‘—-%_.l‘ {a]®D (¢ 1) water, 2.{

’ no. 1,4. 3 — e
NRRL B- 1,6- like Jike HCONHa t NKOH ([»]

150 S oo
1420 8l 19 ((} - 216 022
80 20 0 214 .453 1.23
1526 . 79 21 0 210 .378 0.65
d T 23 0
1397 2 0 219
1422 74 26 0 218 1.027
1424 72 28 0 219 1.088
1402 66 3¢ 0 220 0.925
1399 65 3 0 217 .91
1298 64 36 0 - 223 1.025
1103 95 2 3 +218 0.578
641 M4 3 3 1.011
1205 4 3 3 0.865
1357 94 3 3 217 1.4i8
147 04 3 3 216 0.572
1419 o4 3 3 217 L8153
1400 83 3 4 22 .75
1401 9 3 4 215 .446
1394 92 4 4 215 2.020
1 92 5 3 1.472
1410 o1 5 4. 217
1392 ]| 6 3 218 0.55)
1255 8 7 4 219 .GY6
127 & 5§ 6 22 .045
152 - 8 8 b 208 1.043
1144 87 7 © 200 1.133
1120 8 0 15
1351 8 4 11 27 0.505
13%9 8 T 8 220 1.102
1429 83 5 10 210 1.360
1377 8 79 219 1.304
1384 88 6 10 221 - ) -
1139 3 5 12 213 0.503
1 B2 8 10 217 1.003
1385 81 9 10 222 213 0.995
8B 8t 7 12 20 1.338
1378 8t 6 13 22 0.918
1438 8t o6 13 213 1.609"
HIBA 7 14 213 1.458%

.225 1.42

L]

[+ ]

~}

3%

L O e
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19
8
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Strain

Donor and donor’s no, ¢S

Svenska Sockerfabriks AB VILE

Benger's Ltd,
Dextran Ltd.

bility . " Iden-
water? Nature of product®  titys
Short, tough L.m, Isolate
Short L.d. Isoiate
Short .
S.sp. Isolate
Short
Short L.m, . Isolate
Short L.om, ERW
Stringy - (Lm.) JW
Short, F + L.m. ERW
Short L.m. Isolate
Short L.m. JMN
Class B Dextrans. 3-€%, 1,3-like links
Short Ld, -~ CS8SP
‘Long IL.m. ATCC
Short, T CSMc
Short . Lm, RP
Short, cohesive L.m, Isolate
Short, tough L.m. Isolate
Short _ L.m. Isolate
Short L.m. Isolate
Coliesive, stringy L.m. TWF#
Short - L.om. Isolate
Stringy u Isolate
P - Tloc. ppt., crumbly S.d. AJK
P Long : B.v. AJK
p Short . (Lm.) CSMe
120° Short, tough ’ L.m. XCiB
Class C Dextrane. >80 1,3-like links
Crumbly . Lm.. ATCC
Short S.v. EJH
' Short L.m. RP
P Crumbly L.m. CSMec
i Long L.m.
p  Tough e L.m, RP
p 120* Floc. ppt. : B.v. AJK
. Short, tough L.m. Isolate
P Crumbly Lm. RP
. Stringy - L.m,
Short - Ld
120* Floc. ppt. L.m. CSMc
130 Floc. ppt. -

Other strain no. and ref.

“p” Refined Syrups and Sugars, Inc,
strain “D" or 1053; derived
from ATCC 6025

7or “C" Serol. type A®®

L-337 Isolation®*

L-343 May be same as previously reptd.*

Type F¥
3354 :

8358 Type I
Ref. (35)

Type B®

. L-344 Isolation?®

f I L A

“Birmingham” strainib®
Type B '




3

Taotr 1 (.Cani"inu d)

* Bused on weight of sucrosc in culture, b +, solublé;

Straln

from aqucous solution by cthanol of 45-50% concentration. Products are gums unlcss otherwise stated.

parentlieses, which are as received. A, Acetobacter;
tranirum; S.sp., Sireplococcus

proevistaly geported 130 8 Rolvent 1 N potissinm hydroxide,

B.v., Betabacterium vermiforme; ¢, ca

species; S.v., Streplocaceus vividans; v, viscosum; u, unidentified.’
ture Culleetion; NCTC, Natioual Collection of Type Cultures. 7 Initials stand for names of donors,
A. ). Kluyver; € S0 MceCleskey; J. M. Neill; W, Patrick; C. 8. Pederson; A. L. Pollard; A, R, Stanley:

s d, dextranicum,
¢ NCIB, National

Donor and doner's no, &S

CSMe
CSMe
NCIB
csp
cse

"ATCC

CSMec .
Isolate

JMN

LIH

C. Thom
ATCC

NCIB

CSMc

CSMe
NCIB
CSP®

AJK

JMN 8 x uKn

RP

CSMe

CéMc

Type AGU finks K o _
Sn'ain r—-——'."&:'—"‘—“‘? [u)mp (¢ 1) water, 2° el bS't‘u‘ltu- T
NRRLB- 1.6 like 1oy fICONIn 1 NKOR [n) o 'Y"y:-' watesh Nature of producte tityd
143 8 6 13 221 ©0.475 108 10 4+ Fluid, stringy L.m,
1445 8 10 10 220 418 0.86 18 + Pasty (L.m.)
1141 79 3 .18 224 - 1.350 1.04 17 4 Tough, stringy L.d.
1192 78 4 18 223 210 0910 133 22 + ‘Short, crumbly L.m.
1101 77 0 14 223 882 135 19 + Short, crumbly L.m.
1118 7% 3 21 215 1.821* 0.74 Q@ - Floc. ppt. L.m.
1425 74 8§ IR 222 1,105 .93 7 + Fluid, stringy L.m.
1408 70 11 19 222 0.865 .91 19 + Short L.m,
1297 67 24 9o 219 21 2 4 p, 120° Short, rough L.m.
FOoA® 67 2 381 225 + p, 120 Floc. ppt. . Swv.
523 66 10 24 220 2.081*1.51 68 - Floc. ppt. L.m.
1t21 65 2 33 2232 7 - Floc. ppt. L.m.
142 63 8 29 230 0.38% 1.60 6 +p Floc. ppt. L.m.
1433 83 30 7 217 2605 117 17 - Crumbly " L.m,
1433-A 3 30 T 217 25148 1.22 6 - Tough
1431 VI I 247 31070 034 10 - Floc. ppt. L.m.
1149 5 8 40 232 2716 1,24 4 - Fine ppt. L.m.
) Structurally heterogencous dextrans and/or their major components
742 0 67 21 13 4228 0.206 1.35 15.0 +p Short, dense L.m. ‘
e, L. 81719 0 212 152 1.38 (35 +p * Fine ppt.
-+ .8 8717 26 226 326 1.45 (39 +p Tine ppt.
1254 0 9). T -3 26 488 130 12 40 Floc. ppt. 8.d.
T 6 3t ¢ 213 89 1.29 (D +p Floc. ppt. '
- .8 o3 7T 0 214 537 1.26 (55 +p Floc. ppt.
1209L &3 36 6 +216 .873 1.05 (55 4 p120° Floc. ppt. *, Lm
.8 5 0 0 2 212 4680 1.53 (23) <+ Fine ppt. - '
1358 838 9 5 206 1.115 1.13 (39) - Short L.m.
S b7 8 .23 2 0w 12 (WY 4+ Tine ppt.
408A o1 5 0 212 115 181 3 +p Shcrt, tough L.m.
L 4 8. 0 213 1.006 1.30 14 <+ Short
.8 821 oC2r . o27 0.329 125 3 + Fine ppt,
1501-A 80 18 2 211 1,004 167 7 +p Short, dense L.m
1L 93 7 0 206 1.054 1.34 7 <+ Short
S 65 18:20 216 0412 1.28 5 + Fine ppt.

—, insoluble; p, if prccuutions are observed; 120°, solution completed b
¢ Identities are as con

8203

2700
851
845

5 or‘ “A"

- 536
8359
3351

6109

681

autoclaving., ¢ Obscrved when

Other strain no. and ref,

Type A®
Type A®
3"

Type A®

Ref. (10, 29, 30)

Lancefield group H¥, .,

Type 113

BN P

o

Same origin as NRRL B-742

Type B®

Type B®

57 4 L

Isolation® . ..

From AJK, 1940. °
Am®

‘Type F*

Type F¥ »

Serol. type

.

i
i

precipitated

or determined® except for those mndicated in
obecterium dex

+ L, Lewncomestoc; m, mesenieroides; S.d., Strept
Collection of Industrinl Bacteria; ATC
as follows; R. G.
J. Warren and B. R, Wolford.

‘_\'ﬁlhh'\‘ in parentheses are per cent, of the purified fraction obtained from the whole dextran.

C, American Type Cul-
Benedict: W. W. Cartlson: E. J. Hchre; G. J. Hucker;
¢ ), fluorescent in ordinary light as




C. Stabllity

Upon examination of two dextran solufions which had been stored for

5 years at 4 degrees C, Maycock and Ricketts concluded that during the - ' Hgf
5-year period there was little, if any, change In the molecular composition.
of the dextran solutions and none that would be noticeable in clinical use o
(684). ' '

Vil. Analytical Methods

The quantitative determination of the concentration of dextran in a B
solutlon can be carried out through total acid hydrolysis of the dextran to |
D-glucose and subsequent determination of the glucose by any standard
procedure (54, 950).

VIiii. Occurrence

Dextran is produced by the action of certain strains of chain forming
microorganisms on sucrose.



Biologlcal Data

I. Acute Toxiclity

No Information Avallable ' e

1. Short-Term Studies

No Information Available

Ill. Long-Term Studies

No Information Aval lable

IV. Special Studies
Cancer

In 1959, Hueper published the results of an extensive study on the
carcinogenlcrry of dextran. Eleven dl fferent dextrans were administered
+o mice, rats and rabblits In single and multiple doses through subcutaneous,
intraperitoneal, and Intravenous routes. The maximal observation period
for the mice and rats was two years; for the rabblts, up to four years.
At the conclusion of the observation period all survivors were sacrificed
and autopsled. Histologlic examinations of the tissues were made on all
animals exhibiting grossly demonstrable pathologic changes or on at
least 30% of animals of each serles regardiess of the presence or absence
of such lesions. The organs of all rabbits were studled histologically.
Norma! untreated animals of the same strain and animals glven parenteral
implants or injections of various noncarcinogenic vehicles (wool fat,:
gelatin, tricaprylin) or test chemicals served as controls. They were
permitted to live for the same length of time as the animals of the ex-
perimental series and were used for determining the type, age, and site
distribution of spontaneous tumors (461).

.

The results of the studies are detaiied in Table 1 (461).

Upon histological examination, the lungs of the rabbits frequently
revealed intracapillary giant-cell granulomas, which were sometimes rather
cellular and at other times malnly hyaline. Simllar but much larger
formations occasionally blocked the lumens of large pulmonary arterles.

In the presence as well as in the absence of such foreign-body granulomas
the endothelial lining of arteries exhibited sometimes focal Increases of
cells which at times produced small crescent-shaped, cellular plaques of
the intima. Apparently older lesions of this derivaflon appeared as
fibrous intimal thickenings (461).

Foam-cel! accumulations in intrahepatic sinusoids were only
occasional ly observed in the livers of mice. In the spleen of one rabbit-
hyaline masses surrounded atrophic lymph follicles. The same rabbit
exhibited also an extensive hyalinosls of the renal glomeruli (461).

10
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Tabtle 1

Srafa o

! 3ite and Laraten of
; .

]

L
Animeiy
|

i

i }
Aninad l vy pe ! Sex Voeparatdn wiad done route | with tumers | Rarvival ex;e. .
; i - . L — ——
. | f i, ; m~ ! .
Yveper, W. C., 1959, ...t 2o rate ...} Bethesds Plack ..o ' 500 mg. powder oneed___ o L} LPoaoocooof Tumont Al survivers 2 yra.
i I t 1 : e, sacriliced.
‘ i i . .
CE et e IS FTICES N P, i ! I.V---.-_.--._-' L1 All survivors Upto 4 yre.
‘ i i | sacrificed. H
i l . = i i
P40 mieenaauo CETBL o oieiatfuammmananaes l 8C._.couueen..| Tumors®™: = All ni-viiors 2 yra.
i ; ba7 saeriticed.
i 1
E e wmiceo ... CGTBL._..-.-_-I ________ _-.-! 200 mg. powder cocet™_ . ___ eeeed B eveoeoj Tumazs™™ | All survivors 2 yra. '
! . ! | i, sacrificed.
i i 1 | !
8 Preduminately Shiccarcomas, 13 Dexlran 2;8vE. raolectlar wt.: 100,000,
Lt N TR STPLI BN UL hepatic retieulum cell sarcomns.
] abignant tanor, 5 330 conirols with 6 peticulum cell sarcomss. Controls received various treatmest
830 ¢ plignmnd Wmo s Surviver rates not reporied,
st Dextean §; avg. saclecelar wi 200,000, 1% Dexeran 4; avy. mol.cuiar wt.: 75,000,
:

O peaind retioulim oell swrcoti, 2 insumary adenafibiosas, 1 utering carcis
) egntraly winh 1Y roticeinm cell warcomos, o pulmonary adecomn, 3 msmiaer
Sdenothiraias, Vorerod earcinGna, 4 atering catvinstaes, 1 ovarian earcinoma. Controw

Waayed VATons treatmenta, Survovad rates not ceponed.

a1t 1 nodal reticulur cell surcoma.




Table 1 cont.

- ) [} [}
Straia or ' i Site and | Animals ! ’ Durstion of
Araaad type Hex Preparation and dose route ! with tumors Burvival experiment
35 mice...... [&77413 P DO 200 mg. powder onee® __________ | 8.C. ... ... Tuemora®®. | All survivors 2vn.
s, sacrificed,
3 fabbite. . ... Duteh. oo foriunnncnnes 1,750 mg., 7% sgucous soln., total | TV___.__... ... [ . All survivora Uptodym
: dose 17,500-35,500 mg.“" : I saciificed.
t
20 rats_____.. Bethesda Black |ocoemomano.. 500 mg. powder cace™3______ .. ___ ) 8 Tumossh™: ; All survivors 2y,
“ sacrificed.
%0 rats. . __. Bethesda Black.!cucnceceanaen 500 mz. powder onceM™___________ B8C s Tumorg®: | All survivors 2 yrs.
LS | sacrificed,
20 mice_ __.._ [o57) 3 P N, 260 mz. pueder cnce ™ | 8 Tumors®™: | All survivors 2 yms.
e, sacrificed, |
28 mice_ ... (0177} PRSI «rvee-.] 200 mg. powder cnce_ X ¢ SO Tumors™: | All survivors 2 ym. ' i
, Ll sacrificed. i
' 13 mice..._.. (0574t VRN O, 200 mg. powder onee’___________ BCoeeeaenen [ L T All survivors 2y ;
¢ saerificed. :
Yo nive. . DUNINE 6.7 4.2 VRN S Sy ue e e T el 8.C s Tumors'™- | All survivors 2ym
- 28 sacrificed.
N 20 mice. ... [ 6743 VIR N, 200 mg. powder once®®____ _______ IP. ... ...... .| Tumora®» | Al SUTVIVCTS 2y
Lt sacrificed.
40 mice._ ... (0577 ¢ 1 VN SO 200 mg. powdet once.™____ . _____ K o S, Tumors’®: | ANl survivors 25
) um, sacrificed.
20 rate_._____ Betheada Black .|.ccoveuaa... 500 mg. powder once. s 4 8C... Tumons™ | All survivars | 2y :
. nte, sacrificed. )
.- 40 mice...... CS7BL........0__. cveemoeas| 200 mg. powder once ™ ___________ - X o SO Tumors®™™®: | All survivors 2yre.
. N na, sacrificed.
20 mice...... CB7BL... e e 200 mg. powder onceM™____ . __ ... | S Tumors'*™*: | All survivors 2 yrv.
H L sacrificed.
20rate. oo ... Betheada Black . §..cne... «-.| 500 mg. p::vtkr once W ... - X o S Tumors™t | All survivors 2y
e, sacrificed
I rubbia. .. .. Vutch. oaae. .. PO, e. o] 1,750 mg. 7% aqueous solu., total | A SR [+ ISP All survivors Uptodyx
" doso 17,500-33,500 mg.
40 mice. ... CETBL. .o eceoaoas 200 mg. powder onceS™_______ | [ X o R T\m?n““- Al am:vivor:. 2 yrs. A
i _ !
et 25 Pinxtran 24 avg. molec:lor wis 100,000, % 3 nod.al reticuium codl sarcomas.,
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The spleens of some mice and of one rabbit revealed marked mononuclear
or reticulum~cel!l proliferations obliterating the lymph follicular structure
of this organ. Two mice showed, moreover, pulmonary adenomas, one of which
projected above the pleural surface as a polypous formation. The lung of
one rabblt exhibited a large area of alveolar adenomatosis (461),

The various types of cancers found in dextran-treated animals were
endothelioma of the endocardium, myeloid leukemla, reticulum-cell sarcoma
of the liver or of the lymph nodes, and carcinoma or carcinosarcoma of
the uterus. The author stated that It was noteworthy that this identity
in histogenesis and histological structure of the cancers seen in dextran
animals was shared only in part with those seen in normal control animals.
The controls, while carrying some of the cancers recorded in the experi=~-
mental animals, showed them at a considerably lower Incidence rate and
facked also the various and frequent developmental and "precancerous" stages
seen in the test animals (461).

. Hueper concluded that some, but not all, dextrans elicit upon
parenteral Introduction into rats and mice, and perhaps also in rabbits,
sarcomas orlginating from organs and tissues in which the substance is
retained and stored, i.e., the reticuloendothellal tissues. Cancers from
other tissues, such as uterus and skin observed in rats may be directly
or indirectly caused by dextran. The experiments failed to provide infor-
mation on physical or chemical molecular factors which could account for
differences in carcinogenic potency of the various polymers (461).

In a study by Lusky and Nelson, 10 male and 10 female Osborne-
Mende! rats and 10 male Bethesda Black rats were given weekly subcutaneous
injections of 1 ml of 6% dextran (molecular weight not stated) for 73
weeks without the formation of any injection-site tumers. No influence
on spontaneous-type tumor production was seen (647). ‘

Two experiments by Richmond on the carcinogeniclty of an Iron-dextran
complex included, as controls, tests of dextran. ' In the first experiment
adult male rats were treated as follows (830):

(a) 40 recelved a weekly intramuscular injection of 0.4 mi
i ron-dextran complex Into the right upper thigh. Each
dose contained 20 mg of iron as ferric hydroxide in
complex with low-molecular-weight dextran.

(b) 12 received weekly intramuscular injections of 0.5 ml
"ferrivenin" (Benger) under ether anaesthesla, wlth
occaslonal interrupations owing to the development of
ulceration. Each dose contalned 10 mg of iron as
saccharated oxide of lron.

(c) 12 recelved weekly injections of 0;5 ml low-molecular-
weight dextran.

(d) 12 received weekly Injections of 0.5 ml normal saline
solution.

In the second experiment weanllng rats weighing an average of 48 g
were treated as follows (830):
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(a) 20 males and 20 females were given twice-weekly intra-
muscular Injections of iron-dextran complex into the right
upper thigh in graduated dosage according to weight--
namely, 0.1 ml up to 100 g, 0.2 ml up to 150 g, 0.3 ml
up to 200 g, and 0.4 m! thereafter. This regimen was
stopped after three months, each animal having recelved
9.5 ml Iron-dextran complex.

(b) 6 males and 6 females received corresponding volumes
of low-molecular-welght dextran solution.

In both experiments a highly significant number of the rats receiving
Tron-dextran developed injection site tumors, while nelther group of rats
receiving dextran alone nor any of the controls developed any tumors at
the site of injection (830).

Numerous studies, many of which appear to contradict each other, have
been conducted on the effects of Intravenously administered dextran on
tumor promotion in animals Inoculated with tumor cells. These studies
provide I1+tle Information relative to the evaluation of a food additive
and, therefore, only a few representative studies have been included in
this monograph.

The incidence and size of hepatic metastases following intraportal
“Injection of known numbers of Walker carcinoma cells to female Sprague- :
Dawiey rats were found by Fisher and Fisher to be increased after i.v. : y
administration of low, medlum, and high molecular weight dextrans. The

dextrans were not hepatotoxic, and their effect on tumor growth appeared

to be unrelated to alterations they iInduced in viscosity of the blood

or hematocrit. A simple suspension of tumor cell inozular In low

molecular weight dextran also resulted in augmentation of tumor growth.

The investigators observed in thelr studies a consistent and roughly

quantitative relationship between tumor growth and increase in clrculating

blood volume resulting from the administration of low molecular weight

dextran or other modalities uch as plasma or saline infusions (281).

ln another study by Fislier and Fisher, the I.v. administration of low
molecular weight dextran to ~-abblts recelving intraportal Inoculations:
of V2 carcinoma cells result:d in a slight Increase In the Incidence of
lung metastases and a significant enhancement of the Incidence and growth
of hepatic metastases (282).

Hagmar tested the effect of low molecular welght dextran on intra-
venous ly-induced metastases in a syngeneic tumor-host system in mice. When
given as intravenous pretreatment the dextran increased the total .number
of gross extrapulmonary metastases, without significantly changing the
planimetrically estimated lung and |lver metastases. When, on the other
hand, the same volume of dextran was glven in the cell suspension,
there was a further increase in gross extrapuimonary metastases and also
in pulmonary metastases (393). - ‘

Wood et al. reported that the intravenous administration of three
fractions of low molecular weight dextran to Laboratory Lop rabbits before .
or after i.v. inoculation of ascitic V2 carcinoma cells (see Table 2)
falled to s!gnificantly alter the frequency of pulmonary metastases. No
extrapulmonary tumors were found In any of the animals (1094). '
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Blochemlcal Aspects

|. Breakdown

No Information Avallable

If{. Absorption - Distribution

No Information Avallable

11t. Metabolism and Excretion

Scully et al. reported that preliminary tests by a number of in-
vestigators using radiocactive dextran (unspecified route of administration)
definitely indicate that dextran Is metabolized by mice, rats, dogs and
human beings, with a substantial portion of the labeled dextran appearing
in the expired alr as 14002 (903).

Several workers have shown that extracts of various tissues of
di fferent mammals, Including man, possess dextranase activity, the activity
being localized primarily In the small-infestine mucosa (14, 100, 195, 196).

in a study by Bloom and Wilhelmi, the administration by stomach tube
of 5 ml of 18% dextran in 0.9% saline to 250-350 g maie Sprague-Dawley
rats, which had been fasted for 24 hours, led to a significant Increase in
the liver glycogen 4 hours after feeding (see Table 1Y. To show that
glycogen was indeed present in the liver rather than dextran, some of the
samples were allowed to stand at room temperature for 1.5-2 hours in order
that glycogenolysis might occur. This resulted in almost complete dis-
appearance of the glycogen, while dextran added to parallel samples was
recovered almost quantitatively (see Table 11). Blood samples taken from
the rats before and after administration of dextran showed a substantial
increase in blood sugar following the feeding. In a similar study, 2
human subjects exhibited an increase In blood sugar fol lowing oral
administration of 100 ml of 20% dextran (100).

PABLE I Liver Giyeogen Concentration in TABLE IL Recovery of Added Destran from
. Fasting and Dextran Fed Rats. Livers Undergoing Glveogenolysls.
Alkali TaA No.of Dextran _
' soluble, soluble, lvers  added, . -Dextran recovered, mg/g—
mg/100 g mg/100-g © analyzed mg/g Alkali soluble TAA soluble
© 10 fasting rats 130+ 13* 31+ 8 6 644 51781 610+ 8
- )
14 fasted rats 4 hr after ) ot s 138 720 x 22 683 + 20
dextran feeding : - ® Btand. error. ]
Immediate analysis 751 - 106 469 + G6 The dextron was added to cach of two samples,
Aliquot at room 71+ 13 10+ _eme of which was digested with alkali, the other of
temp. 2 hr T - which was extricted 'with trichloroncctic acid. Time
of incubation at yoom temp. was 2 hr..

* Stand. error.
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Followlng oral administration of 500 mg of dextran to fasting male
Sprague~Dawley rats, Parkinson observed about a 6-fold Increase In the
ITver glycogen (772).

Baker stated, without supporting data, that while dextran is edible
and assimilated without unfavorable effect on the human system, 1t appears
that the alpha-(1-6) linkages are resistent to attack by bacteria and
enzymes present in the gastro-intestinal tract. He also stated that _
biological tests (unspecified test animals) have demonstrated that when
dextran containing a high proportion of alpha-(1-6) linkages is Included

in a normal diet on a regular regimen, gain in body weight is inhibited
(54).

V. Effects on Enzymes and Other Biochemical Parame*ers

No Information Available

Drug Interaction

-

- No Information Available

VI. Consumer Exposure

Dextran is used as an additive to sugar-contalning products, such as
sirups and candies, to increase the moisture retentivity, improve body,
and inhiblt crystalllization of the sugar. A flim of dextran is used to
coat foods such as meats, dried fruits and cheese to protect the food
against drying in storage.

18
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%8. A DEXTRAN-HYDROLYZING ENZYME FROM
INTESTINAL MUCOSA. George A. Adrouny,*
Walter L. Bloam* s Alfred E. Wilkelmi.
of Biochem Diy, of Basic Health Sciencea,

ory Unly,
racts from the mucosa of the small
iestine of variees mewmalia - rat, gaines-pig, rab-

%, pig, cow, dog and geaa - were found to ladoce an

Rctease in the redueiig power of dextran, a 1,6-

fhtosidic polysaceharids. Comparison of crode

=iracts from the variess sources showed the proga-
filion from the ret to be 69-£0 times more active

than those from the pig and the cow, while the uctivi-

3 of material from other species appearcd to b at

Mermediate levels, Further experiments were

therefore mostly carried ot with extracts from the

', Maximal ativity was seen at pH 6.0-6.2. Prep-

inations retained most of their activity for about 3

¥k, i preserved below 4°C, at a pH of 8,0-7.0. Dete-

oration wag vory fast ol a low pH, somewdat slower

" alkaline medin, The active principle is highly

Vluble 1n water; 50% saturated ammonium sulisie or
-40% acetons, methao! or ethanol revain about 0%

¥ the initial activity ia solution. Other substraies

that are hydrolysed by crede or partially purified

Preparations tnelude isomaltose, beta amyiase limit

dextrin, glycogen and starch; yeast mannan is nol

ifecied, tavertase sccompanies “dextranese” in ail
fractions,  Practionmtion by organic solvems, adsorp-
ton on calctum phosphate, aorit and diethylaminoethy
fellulose, pracipitation with Zn** and DO, and zone
tlectrophoresis at various pH's were inefiective for
the separation of the two principles. However almost
fomplete disappearance of avertase activity, with

Tetention of aboat 90% "dextranase” activity, could be

Lhieved by prectpitation of the invertase with Hg**.
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Dextran as a Source of Liver Glycogen and Blood Reducing Substance.®.
(19922) ,

WALTER LyoN BLooM AND ALFRED E. WILHELMI. (Introduced by A. P. Richardson.)
(With the technical assistance of Jean Rogers and Mary Z. Schumpert.)

From the Depariment of Biochemistry and the Depariment oj Medicine, Emory University
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In earlier experiments in this laboratery it
has been observed that dextran, fed to human
subjects, is not recovered in the stools. Eng-
strom and Aberg(1) have suggested that some
of the dextran administered intravenously
might be excreted into the gastrointestinal
tract where it could be destroyed by bacterial
action. Our own observations on dextran incu-
bated with stools suggested that dextran disap-

* This investigation was supported by the Medical
Research and Development Board, Office of the
Surgeon General. Department of the Army.

pears only very slowly, but Hehre(2) has since
shown that there are large numbers of an-
aerobic bacteria present in the intestinal flora,
and that it is these, rather than the aerobes,
that are capable of splitting dextran. Al-
though ingested dextran may be in part Ge-
graded and consumed by the intestinal bac-
teria, it still seemed to us of interest to learn
more about the disappearance of dextran fed
by mouth. The following experiments show
that dextran feeding leads to a sustained in-
crease in blood sugar and a rise in liver gly-
cogen in the fasted rat, and brings about an

el
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TABLE 1. Blood Reducing Substance Following Administration of &

et wore

DExXTRAN AS A SoURCE or Liver Grycooen

ml of 18% Dextran by

Stomach Tube to 24-Hr Fasted Rats.

Time in hr 0 1 2 3 4
No. of rats 6 4 4 : 2 b4
Reducing substance 80+ 7.9 100 82 9652 955+2

(mg %)

113 = 8.5

increase in the blood sugar of human sub-
jects. .

Experimental. ~ Male albino rats of the
Sprague-Dawley strain, weighing 250-350 g
were fasted for 24 hours. A group of 10 con-
trol animals were killed and both fractions of
liver glycogen were determined by the method
of Bloom, Lewis and Schumpert(3). Gly-
cogen was determined (as glucose equivalent)
by means of the anthrone reaction. The

fasted experimental animals were given § -

ml of 18% dextran in 09% saline by
stomach tube. An initial blood sample was
taken from the cut end of the tail and addi-
tional samples were taken at intervals after
 feeding. Copper tungstate filtrates were pre-
pared and reducing substances were deter-
mined by the method of Nelson(4). In a
series of four rats, both total and fermentable
reducing substances were determined. Two
or four hours after feeding, the rats were anes-
thetized with Nembutal and the liver was re-
moved and immediately frozen and powdered.
Trichloroacetic acid-extractable and total gly-
cogen was determined on aliquots of the well-
mixed liver powder. In order to determine
whether glycogen or dextran might be present,
other samples. were allowed to stand at room
temperature for 1.5 to 2 hours in order that
glycogenolysis might occur. Dextran was
added  to parallel samples in order to de-
termine whether dextranolysis could occur in
the liver preparation.

To two human subjects, fasted for 12 hours
100 ml of 20% dextran were given orally and
blood sugar was determined at 0, 0.5, 1 and
2 hours thereafter. Two other patients were
fasted 12 hours, 200 ‘m! of 20% was given
orally and blood sugars determined at the
described intervals.

Results. The data of Table I show that the
blood reducing substance in dextran-fed rats
increases significantly in one hour after feed-
ing and is still above the initial level after four

TABLE II. Total and Nou-Fermentable Blood

.Reducing Substanee in 24-Hr Fasted Rats Given

5 ml of 99 Dextran by Stomach Tube,

Blood reducing
substance (mg %)
Time after Non-fer-
Wt, g dextran Total  mentable
Control 9.2 0
988 30 min, 118.2 0
2 hr 86.1 0
4 73.2 0
Control 80.1 0
309 30 min. 121.7 0
2hr 74.8 0
4" 638.6 25
Control 87.4 0
263 30 min, 104.8 (1]
2hre 818 .25
4" 67.7 S
Control 65.5 12.7
250 30 min. 97.6 0
2hr 818 4.3
4" 68.5 1.3

TABLE III. Bloed Redncmg Substance Following
Administration of 160 mi of 20¢% Dextran to 12-Hr
Fusted Human Subjeets, (Values for redncmg aul-

stanee in mg %.)

e —Bubj et -y

I 11 1 vy

Control 3 100 03 118
3% hr 167 110 103 161
i 98 126 101 137
2 $9 112 104 128

hours. In Table II it is seen that the increase
in blood reducing substance (of about the
same extent but of shorter duration after feed-
ing half the amount of dextran given to the
first series of animals) is entirely fermentable.
Table 11T presents the data on two human sub-
jects given 20 g of dextran by mouth. The
increases in blood sugar in 0.5 to 1 hour are
of the same order as those seen in the rats.

In Table IV it is seen that there is a con-
siderable increase in liver glycogen four hours
after feeding dextran to previously fasted rats.
and that allowing the liver samples to stand
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TABLE IV. Liver Glycogen Concentration in
Fasting and Dextran Fed Rats.
- Alkali TAA
soluble, soluble,
mg/100 g mg/100 g

10 fasting rats
14 fasted rats 4 hr after
dextran feeding
Imimedinte analysis

Aliquot ut room
temp. I hr

751 + 106
1+ 13

469 =+ 08
103 2

* 8tand. crror,

TABLE V. Recovery of Added Dextran from
Livers Undergoing Glycogenolysis,
e e

No.of Dextran
livers ndded, ~~Dextran recovered, mg/g—
analyzed mg/g Alkuli soluble TAA soluble
6 644 517 4 81* 810+ 8
8 736 720 - 22 883 «+ 20
* Stand. error.

The dextron was added to each of two samples,
une of which was digested with alkali, the other of
which was extracted 'with trichloroncetic acid. Tinme
of incubntion at room temp. was 2 hr.

for 2 hours at room temperature results in the
disappearance of most of the glycogen. Dext-
ran added to aliquots of the liver tissue and
determined either as alkali-soluble or trichloro-
acetic acid-soluble anthrone-rcacting sub-

_stance, is recovered without subst:ntial loss, so

that no significant dextranolysis <-ems to occur
under these conditions in liver iissue (Table
V).

130 +- 13* 31+ 8

503

Discussion. The data show that in both rat
and man the oral administration of dextran
leads to a significant and sustained increase in
blood reducing substance, most of which is
fermentable. In the rat, this increase in blood
sugar is accompanied by a significant increase
in liver glycogen 4 hours after feeding. Dex-
tran is therefore capable of being broken down
in the intestine to products which yield glucose
and glycogen in {he animal. The early in-
crease in blood sugar in both rat and man indi-
cates that the intestinal breakdown of dextran
may be a relatively rapid process, and it sug-
gests that this may not be ascribable merely
to bacterial action but more probably to an
action of an enzyme or enzymes of the in-
testinal tract. Experiments now under way
in this laboratory indicate that the latter possi-
bility may be reaiized: suspensions of rat
duodenal mucosa have been found to liberate
glucose from dextran at rates which can ac-
count satisfactorily for the increaseF in blood
sugar seen after feeding.

The authors wish to express their appreciation
to Dr. Conrad Kinard who helped with the clinical
study. -
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Little is known about the locations in the
mammelian intestine at which hydrolysis of disac-
charides and polysaccharidee occurs.

In a recent investigation of intestinal digestion
and absorption in man, Borgstrom, Dahlgvist,
Lundh & Sjévall (1957) cbserved that the invertase

- activity (in unpublished experiments we have
demonstrated that the maltase and lactase activities
are distributed similarly) of the intestinal contents,
which was weak throughout the whole small
intestine, was maximal in the lower part of the
small intestine (lower jejunum and ileum). In
epite of this, the absorption of lactosc occurred in

the upper part of the small intestine (duodcnun
and upper jejunum), where no disaocharida--
activity could be demonstrated in the intestinal
contents (Ammon & Henning, 1956; Borgstrom
et al. 1967). The hydrolysis of disaccharides durin:
their abeorption is catalysed by enzymes 2i-
parently situated inside the cells of the intestinai
mucosa (Borgstrém et al. 1857). Little informativa
is, however, available about the relative disuc
charidase activity of the mucosa of d.fferent parts
of the small intestine.

Amylase, in contrast to the disaccharidases, 15
mainly secreted into the intestinal lumen in the
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pancreatio juice. However, preparations from the
intestinal muooea also contain amylase. Intestinal-
mucosa preparations from different species of
mammals have been reported to contain one further
poiysaccharidase, namely dextranase {Adrouny,
Bloom & Wilhelmi, 1957). It does not seem to be
known, however, whether dextranase is present in
the pancreas too. ‘

This paper records the carbohydrase activities of
homogenates of mucosa from different parts of the
smail intestine, from the stomach and from the
colon, and of & homogenate of pancreatic tissue.
The adult pig was selected as an experimental
animal. '

EXPERIMENTAL

Determination of enzymic activities

Disaccharidase activities. These were measured by the
methods described proviously (Dahlqvist, 1060d). One
unit of disaccharidase activity causes 5% of hydrolysis of
the partioular disaccharide in 2:0 ml. of reaction mixture at
28 mx-substrate conoentration in 60 min. at 37°.

Amuylass activity. The subsirate solution was propared by
dissolving 2:0 g. of soluble atarch a.m. Zulkowsky (from
Merck A.G., Germany) and 40mg. of Na(l in 0-03n.
phosphate buffer, pH €9 (3-026 g. of KH,1’0, and 3-950 g
of Na,HPO,,2H,0/1.), to a final volume of 100 m]. Toluene
{1 ml.) was added as o preservative and the solution was
stored in a refrigerator. The substrate solution was pre-
pared weekly.

For determination of amylase activity, 1-0ml. of
suitably diluted enzyme solution was mixed with 1-0 ml.
of substrate solution and immersed in a water bath at 37°,
After 60 min. the reaction was interrupted by the addition
0£2-0 ml. of dinitrosalicylate reagent (prepared as described
by Hostettler, Borel & Deuel, 1951). A blank was prepared
with the same composition, in which, however, the 3:5-
dinitrosalicylate reagent was added immediately aftor the
mixing of the enzyme and substrate . The tubes were
immersed in a boiling-water bath for '0 min. and then
chilled for 2 min. with running tap water. After dilution
with 20-0 ml. of water the intensity of the red colour pro-
duced was measured in & Beckman B spectrophotometes at
& wavelength of 530 my, in 1 cin, cuvettes. .\ standard
curve was prepared from known solutions of maltose (the
tubes containing 0-5-2:0 mg. of maltose monohydrate).
One unit of amylnse activity causes an incroase of reducing
Power corresponding to 1 mg. of maltose monchydrate in
0 min. during thess conditions. If the increass «f reducing
power does not exceed that of 2 mg. of maltise mono-
hydrate, the engymic reaction follaws zero.order kinetics
and the amount of reducing geoups liberated is propor-
tional to the amount of cnzyme present.

The amylase unit, when defined in this way, is corm-
narable with the unit used for disaccharidase activity
'Dahlqvist, 1960d). It should not, however, be confused
ith the amylase unit used by Borgstrom et al. (1957), since
in that case the incubation was performed for 3 min. at 25°,

Dertranase aclivity. The substrate solution for determin-
ations of dextranase activity was prepared by dissolving
20 g. of dextran (dextran 40, mol.wt. by light-scattering
11000, by end-group analysis 26000, uvbtained from

Pharmacia A.B., Sweden) in 0-1 M-maleate busfer (Gomori,
1058), pH 6-0, 10 & final volume of 100 ml. Incubation snd
determination of the deyree of bydrolysis were performed
in exactly the same way as for determinations of amylase
activity. Maltose was used for preparation of the standard
ourve, since maltoss and isomaltose have tho ssme ex.
tinction coefficient with the 3:5-dinitrosalicylate reagent,
Oue unit of dextranase activity is the amount of enzyme
whioh causes an increase of recucing power equal to that of
1 mg. of maltose monohydrate in 60 min.

Determination of protein
The method of Lowry, Rosebrongh, Farr & Randall
(1951) was employed, the modified reagent B introduced by
Eggetein & Kreutz (1955) being used. A standard eurve

was prepared with human aerura albumin (kindly supplied
by A. B. Kabi, Sweden), i

. Preparations of homogenates

The stomach, small intestine, upper part of the colon and
pancreas of an adult pig were sut out immediately after
slaughter and chilled with crushed ice during transport to
the laboratory. From pieces of stomsok, small intestine
and oolon tho mucosa was scraped off with & glass slide and
bomogenized in an Ultra-Turrax homogenizer for 2 min.
with an equal weight of 0-99, NaCl. A plece of the pancross
was homogenized in the same way. This method bas eardier
been found suitable for the extraction of glycosidasos from
hog small-intestinal mucoss (Borgstrsm & Dahlqvist,
1958). After centrifuging in & Wifug laboratory centrifuge
for §.min., the opalesccnt suparnatant was assayed for
carbohydrase activitios.

RESULTS

There are several ways of expressing tho relative
carbohydrese activities of the different segaents of
the intestine. Some suthors have expressed the
activity per cm.? of intesiine (Euler & Svanberg,
1921). Because of the enormous surface ares of
intestinal villi, as well as their variation in density
along the length of the intestine, it ecema more
logioal to compare the activity per gram of mucosa
(Cajori, 1035; Heilskov, 1951). Since in the preeent
investigation the homogunatcs have always been
prepared from a mixture of equal weights of muoosa
and 0-9 %, NaCl, the carbohydrase activities can be
compared dircctly when expressed per ml. of
homogenate preparations.

The protein content of the homogensates varied
(Table 1), howover, and thsrefore in Figs. 1-5 the
specific carbohydrase wctivity (i.e. number of
units/mg. of protein) has been used to enabls com-
parison of the relative carbohydrase activities of
the different eegments of the small intestine.
However, the results ara similar whether enzyme
sctivity is presented as unite/mg. of mucosal protein
or units/ml. of mucosal homogenate. The experi.-
mental conditions for carbohydrase assay wore
such that 0-5 unit/ml. of each of the activities in-
vestigated could be detected.

e

AT W AR e b
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"T'o check the completeness of the removal of the
mucosa with thp glass elide, in one experiment the
remainiag intestinal wall was also homogenized,
and the homogenate was useayed for invertase
aotivity. It was found that 809, of the total
amount of invortase originally present in the piece
of intestine had been removed with the mucosa.

Stomach. No invertase, maltase, isomaltase,
trehalase, lactase, cellobiase or dextranase activity
could be detected. The preparation had very weak
amylase activity (17 unite/ml.; cf. below), which
may very well have been caused by contamination
with saliva from the gastric contents. The mucosa
of the stomach therefore does not seem to contain
any carbohydrases. '

Small intestine. This had a total length of 16 m.
The duodenum had a length of 0-34 m., the jejunum

Table 1. Protein content of the homogenates

All tissues wore homogenized with one part (v/w) of
0-99 NaCl soln.

A. DAHLQVIST
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and the ileum had each a length of about 8§ n,. In
the duodenum and jejunum no intestinal cont ntx
had to be removed, but in the ileum the contengs
were removed and the intestine was gently bloti, .
with a piece of cloth before the mucosa was scri i
off. The pieces of the emall intestine selected ir..
noted in Figs. 1-5. The amount of mucosa obtair, |
from 50 cm. of small intestine varied between :
and 11 g.

Invertase activity was low in the duodenuin
(7-5 units/ml. of homogenate) and was greatest in,
the lower jejunum and the ileum (50-70 units;m|.,
(Fig. 1). Even the homogenate prepared from ..
section of the lower ilewsn, cut just proximal to tie
tleocoscal valve, had strong invertase activity
(54 units/ml.). )

Maltase activity of the homogenate from ti..
duodenum was 66 unite/m!,, which is nearly 1o
times its invertase activity. The maltase activi: ¥
also increased in the lower part of the sl
intestine (Fig. 1) but not to the same extent as 1},
invertase activity. In the homogenates from 1l
lower jejunum and the ileum the maltase activity

homaenate ) was 100-150 unito/ml., which is two to three times
the invertase activity.
Stomach 11-8 , ) . .
Duodenum 560 The maltase activity of the small intestine of the
Upper jejunum 63-0 pig has recently been demonstrated to be effect |
Lower jejunum 410 by a mixture of three different maltases (malt:~
Egs:: ﬁ:ﬁ;‘; gg I-III). The results of the determination of each ++
Colon 250 these enzymes, by the methods described eariir
Pancress 450 (Dahlqvist, 1959, 1880¢, d), with 28 mu-substretc
5p
B invertase B Malkase !
' Maltase II
% o 0 Matease m
s 3b
k]
g 2r
2,
0
T T T 7T T
2 4 8 10 12 14
Distance from pylorus (m.)
Dueo- Jejunum Tleum
denum

Fig. 1. Invertasc and maltasc activitics of homogenates of mucosa from different parte of the small intestine
of an adult piz. Tho three differont maltases (maltase I-YII) present in such preparations have been mensured
scparatcly by the methods desoribed earlier (Dahlqvist; 1959, 1060¢, d).
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concentration (Dahlgvist, 1860d), are seen in
rig. 1. Maltase II activity, as compared with
maltase III, is unusually low. Other experiments
with homogenates prepared from the small in-
restine of the pig have demonstrated that maltase
11 activity is usually equal to or somewbat greater
than maltase III activity; maltase II and maltase
III together usually exert 80-859, of the total
activity (Dahlgvist, 18604d).

Isomaltase activity, which is to some extent due
1 the presence of maltase IT and maltase III but
mostly (75 9%) to a ‘specifio’ isomaltase (Dahlqgvist,
19605), had a distribution in the small intestine
which was similar to that of the invertase and
maltase activities (Fig. 2), i.e. the isomaltase
activity per ml. of homogenate rose from a low
value (1-3 units/ml.) in the preparation from the
duodenum to about 30 units/ml. in the hormogenates
from the lower jojunuin and the ileum.

Trochalase activity, which is due to o sepecific
enzyme (Dahlgvist, 1960a), showed a distribution
which was guito opposits to that of the enzymes
described above (Fig. 3). The trehalase activity
was greatest in the preparations from the duo-
denum and the jejunum (15-20 units/mwl. of homo-
genate) but decreased in the lower part of the small
intestine.

Lactase activity was greater in the homogenate
from the upper jejunum (18 units/ml) than in that
from the duodenum (9 unita/ml.}, but was practic-
ally absent from the homogenates of the ileum
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{Fig. 4). The cellobiase activity had the same detri-
bution as the lactase aotivity, and the ratio of
cellobiase to lactase was the same in homogenates
from all parts of the small integtine (Fig. 4). This
suggests the possibility that the cellobisse and
lactase activities are caused by one and the same
enzyme. The relation between these two activities
is under investigation in our laboratory.

Amylage activity wae present in all the homo-
genatee of small-intestinal mucosa, but was low
{200-700 unite/ml.) when compared with the
activity in the homogenate of the pancreas (see
below). It is quite possible that at least some of the
activity of the muccea homogenate was caused by
contamination with intestinal contents, which con.
tain considerable amounte of pancreatic amylase.

The amylase activity of the homogenates, pre-
pared from different parte along the emall intestine,
varied irregularly.

Dextranase activity was low in all the homo-
genetes, but increesed in a distal direotion in the
small intestine from 1 unit/ml. in the homogenate
from the duodenum to 5-5 units/ml. in that from
the lower ileum (Fig. 5). Since the homogenate of
the pancreas had no dextranase activity (see below)
the activity of the homogenates of intestinal
mucoaa could not be caused by contamination with
pancreatic juice. The low dextranase activity of
tho eamples, together with the localization of this
activity to the distal part of the emall intestine,
might suggest that the dextranase activity wes

10

@
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¥

Activity (units/mg. of protein)
4 ;4
L |

@
~
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W

' | \
0 LA ] T 1 T 1T 1 T
2 4 é 8 10 12

Distance from pylorus (m.)

L
14 16

—

v

Duo- Jejunum
denum

———p

Tleum

Fig. 2. Total isomaltasc activity of homogenates of mucoss from different parts of the small intestine of an
adult pig. The isorualtaso activity of such preparations is exerted by a mixture of three different enzymes

as deseribed proviously (Dahlqvist, 19605).
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caused by contamination with intesiinal bacteria,
Againat this possibility is, however, the low
dextranase activity of the homogenats of mucoss
from the colon (Table 2).

Colon. The mucoss from the colon was scraped
off a few cemtimetres distal to the ileocoecal valve.
The carbohydrase activities of the homogenate are

hydraase activities were present in this proparaticn
o0, they were present only in small amounts, u.
compared with the activities of the homogenates (.
small intestinal mucosa.

Pancreas. The homogenate of the pancreas wa.
kept chilled with crushed ice until just befor.
aesay, and all assays wore sompleted within & fi-u

geen in Table 2. Although most of the carbo- hours after the homogenisation.
04 +
i |
%0 ‘_
£ !
&
—_ A
£ 0
a
2
=
L
g 01
0 T T T T T 1T T j
2 4 6 8 10 12 14 16
Distance from pylorus (m.)
Druo- Jejunum Ileum
denum

Fig. 3. Trehalase activity of homogenates of mucosa from different parts of the amall intestine of sn adult pig.

B Lactase
03

Activity (units/mg. of protein)

{0 Cettoblase

Distance from pylorus (m.)
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denum
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Fig. 4. Lactase and collobiase activities of homogenates of mucosa from different parta of
the small intestine of an adult pig.
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I"lg 5. Dextranase activity of homogenates of muocoss from different parts of the smail intestine of an adult plg.

Table 2. Carbohydrase activities of the homogenats
of mucosa from the colon of an adult pig

Protein content of the homogenate was 25 mg./ml.

Activity

(units/ml. of

“Enzyme homogenate)
Invertase 8
Maltase 1 (]
Maltaso 11 18
Maltase 111 0
Isomaltase 2

~ Trehalase 05

Lactase 0
Cellobiase 0
Amylase 250
Dextranase 1

Only two carbohydrase activitics were recog-
nized, namely very activo amylase (80 000 units/
ml.) and weak maltase (12 unite/ml.) activiiv. This
amylase activity was morc than 100 timen that of
the homogenate of small-intestinal mucosa, which
suggests that it is mainly pancreatic .mylase
which effeots the hydrolysis of starch in the small
intestine.

The pancreatic-maltase activity, by contrast,
wag very weak, whether compared with that of the
preparations of amall-intestinal mucosa (see above)
or with the pancreatic-amylase activity. It may
therefore be concluded that the pancreatic maltase
i3 without physiological importance for the hydro-
lysis of maltose in the small intestine.

DISCUSSION

X is spparent that the disaccharidases are
maeinly localized in the small intestinal mucosa.
The weak maltase activity of the pancreas and the
weak disaccharidase activities of the mucosa of
the oolon cannot contribute to any considerable
extent to the hydrolysis of ingested disaccharides.

The findings about the location of the disac-
charidase activities along the small intestine seem
remarkable. From the present investigation it
appears that there exist two major groups of pig-
intestinal disaccharidese activities, according to
their distribution along the small intestine. One
group (invertase, maltase and isomaltase) is
localized mainly in the distal part of the mmall
intestine, and the other group (trehalase, lactase
and oellobiase) is localized mainly in the proximal
part of the small intcstire. It seems tempting to
oonolude that the corresponding disaccharides are
hydrolysed and absorbed in the corresponding
parts of the small intestine. Our previous finding
that lactose is abaorbed in the proximal part of the
small intestine of humans (Borgstrdm e¢ al. 1957)
agrees with this idea, but further experimental
studies are required.

The location of the invertase sactivity differs
from the findings by some earlier authors who have
studied other species. Euler & Svanberg (1821)
analysed a human emall intestine and found that
the invertase activity (per om.? of intestine) was
highest in the upper part of the jejunum, whereas
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the lower ileum had only 59, of this activity.
Recently Ammon & Henning (1956) have found s
similar distribution of invertase in rabbits. In the
present paper {igures are reported for one pig only.
Experiments with piecee of intestine of several
other pigs have, however, demonstrated that there
are hardly any individual variations in the location
of the different carbohydrases.

The looation of the lactase activity along the
emall intestine agrees well with that given in
earlier reports. Cajori (1935) has found that the
lactase activity of mucosa preparations from dog
small intestine was 309}, greater in preparations
from the jejunum than in those fromn the duodenum
{caloulated per gram of mucosa), and Heilskov
(1951) has found that the lactase activity of the
mucoss in different mammals (rabbits, cows and
human foetuses) dimninishes in the distal segments
of the emall intestinc.

That the homogenate of the pancreas contained
a powerful amylase but no disaccharidases, except
a very weak maltase, is in accordance with earlier
reports, which state that the pancreas contains
amylase and maltase, but no invertase (Brown &
Heron, 1880; Oppenheimer, 1925), lactase (Hoil-
skov, 1951) or trehalase (Frércjacque, 1853). The
absence of disaccharidase activities from the
pancreatic juice can also be deduced from the
finding that the small-intestinal contents contain
amylase but essentially no disaccharidases (Ammon
& Henning, 1936;, Borgstrém et al. 1957).

The fact that the homogenate of the pancrees
had no dextranase activity demonstrates that
intestinal dextranase is a specific enzyme, dis-
tinguished from amylase. Like the disaccharidases
tho dextranase is'located in the intestinal mucosa.

SUMMARY

1. The carbohydrase activities of homogenates
prepared from mucosa of the stomach, small
intestine and colon, and from pancreatic tissue, of
an adult pig have been studied.

2. The preparation from the stomach did not
contain any carbohydrases except a very weak
amylase activity, which may have been caused by
contamination with saliva from the gastrio
contents.

3. The preparations from the small intestine
had powerful disaccharidase activitiea which
showed differcnt locations along the amall in-
testine: one group of activities (invertase, maltase
and isomaltase) was mainly localized in the distal
part of the small intestine, and another group
{trehalase, lactase and cellobiase) was localized in
the proximal part. This may indicate that different
disaccharides are abeorbed in different parte of
the emall intestine.

1u6}

4. The preparation from the small intcstine ol
hed amylase activity, which, however, was i,
compared with that of the pancreas homogeny;.
and may have been due to oontemination wi,
pancreatio juice.

6. Dextranase activity was present in the pr...
parations from the small intestine, but not ;.
those from the pancreas. The dextranase activit Vo
thus caused by & specific enyyme which hag it
origin in the small intestinal mucoss.

8. The preparation from the colon also hi.|

~ carbohydrase activities, although these activiti, .

were weak compared with thoee of the el
intestinal mucoesa, i

7. The preparation from the pancreas had very
powerful amylase activity, and the pancreas sccu:
to be the main eource of the amylase of ti.
intestinal contents. This preparation also had weqi
maltese activity. The preparation from the pan.
creas had no other disaccharidase activities.

The author is indebted to Professor Bengt Borgstrom f.r
his interest in this work and for valuable suggestions, and :..
Dr Alan Hofmann for kind help with preparation of the
manuscript. This work has becn supported by grants fr.u
the Medical Faculty of the University of Lund. Mrs h.
Hagebris is acknowledged for skilful technical assistand..
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Extracts of the small.intestinal mucosa of
different mammals, including man, possess dex-
tranase aotivity (Adrouny, Bloom & Wilhelmi,
1957; Dahlqvist, 1961a, 1982). The dextransse
activity seems to be sufficiently strong to enable &
rapid utilization of ingested dextran (Bloom &
Wilhelmi, 1952). The intestinal dextranase may
also be  of importance for the metabolisn of
dextran which has been administered parenterally
as a plasma substitute, sinoe this is known to be
secreted into the gastrointestinal tract (Aberg,
Bloom & Hansson, 1961). Dextran can, however,
be hydrolysed in other parta of the body also,
sinoe several differont tissues contain dextransss
(Rosenfeld & Lukomskayn, 1858, 1957 ; Lukomskays
& Rosenfeld, 1958; Fischer & Stein, 1980).

The subject of the study reported here is the
distribution and the specificity of the dextranase
present in the digestive tract. 8ince tho intestine of
the rat hea especially high dextranuse activity
(Adrouny et al. 1957) this animal was aelected for*
the study.

MATFRIALS AND METHODS
Determination of carbohydrase activities

Dextranase and amylase activities. The dextranass and
amylase activities were measured by the methods used for
the pig engymes by Dahlqvist (1981a).

In the present paper the unit of amylase and dextranase
activitios has been defined as the sotivity liberating reducing
groups ocorresponding to 1 pmole of maltose (isomaltose)/
min. at 87°, instead of 1 mg./hr. s in the previous invest!-
getion. This is in accordance with recommendations
recently made by the joint Sub-Commission on Clinieal
Engyme Units of the International Union of Biochemistry
and the International Union of Pure and Applied Chemistry
(Freeman, 1861). One unit defined in this way equals 21-8
units of those previously used.

Disaccharidase activities. For the assay of Jisaocharidess
scotivitics the tris-buffered glucose-oxidase reazent was used
{Dahlqvist, 16615). The incubation conditions were those
nsed for the pig enzymes ( Dahlqvist, 10608, 1151 5) but the
unit is now defined as the activity hydrolysing 1 umole of
disaccharide/min. at 37° instead of 1 mg./hr. ¢)ne unit thus
defined equals 21-6 of the units previously uscd.

Determinaiion of protein
Protein determinations were performed with the method
of Lowry, Rosebruugh, Farr & Randall (1951), with the

modified ‘reagent B’ introduced by Eggstein & Kreur;
(1985). A standard curve was propared with freshly dis
solved human serum albumin, kindly supplied by A. B
Kabdi (Stockholm, Sweden).

Animal preparations

Rats of either sex, weighing 300-250 g., of the Spraguc-
Dawley strain were used.

Tiseue Aomogenates. The rats were starved for 18-24 br,
with free acoess to water. Fach rat waskilled, the abdomer
openad and the gastrointestinal tract taken out. Th-
stomach was cut open and gently blotted to remove mucu..
The small intestine, 70-80 om. long, was divided into thre
oqual parts. Since the small intestine was almost empty,
was not openod. The caecum and the large intestine wer
out open, the contents removed and the mucosa wa:
blotted. Al tissues were weighed, and homogenized f:-
Smin. in an Ultra-Turrax homogeaizer with 4ml «
099 sodium chloride/g. of tissue, The tube was chill!
with crushed ice beforc and during homogenization. Afte:
the homogenates had beon centrifuged at 2000g for 10 min
the opalescent supernatants were used for the determins
slons of oarbohydrase activity and protein, in order ¢
ovaluate the distribution of tho ensymes between th
different organs. In sorce experiments & sample of ti-
oascal sontents was similarly homogenized.

Pencreaiic juice. To oolieot pancrestlo juice the lowerer
of the common bile-pancrcatio duct was eannulated durit.
etharnaroosis with a polyethylene tube. Tosvoid contamins
tion with bile, this was removed through anotber canmu.
situatod in the common bile duct near the liver. Tt
sxdmal was then placod in & snall cage, allowing fitt
movement, and the pancreatic juice was collected duri:.
24 br. in tubes chilled with solid carbon dioxide.

Suboellular fractions of mucoeal homogenates, The sme
intestine was cut open and the muocoss removed with
plece of glass. From each rat 2-2:5 g. of small-intestin
mucoss was obtained. It was homogenized with 4 ml.-
jce-cold 0-25M-sucroee solution/g. in & homogenizer of t:
Potter & Elvehjem (1036) type with a glass pestle. Duri‘
homogenisation and all subsequent steps the solution %+
ohilled to peevent hyvdrolysis of the sucrose.

After romoval of the nuulei and cell debris by centrift.
ng st 1000g for 10 min. in an International Refrigerst
omtrifuge, differential erntrifuying was performed 'in
Spinoo preparative ultracentrifugc (Hogeboom, 1933). =
rotor no. 40. A fraction wes first sedimented at 70008
0 min, (‘mitochondria’), then resuspended in 0-2%
suoroes to give the original volume of the homogenate, 3
again sodbmented at 7000g for 20 min. The combir
spernatants were centrifuged at 100 000g for 45 mv
giving s sediment {' microsomes’) and s particle-free sup
satant. Before analysis for carbohydrase sctivities +

Biockers. J. (1963) 00,33
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sucrose was removed by dialysis against running tap water
at 11° for 15-20 hr. ,

Solubilized mucosal enzymes. Small-intestinal mucosa wes
homogenized for 2 min. in the Ultra-Turrax homogenisar
with 1 ml. of 0-2m-sodium phosphate buffer (pH 7-0)/g. of
tissue. During the bomogenization the tube was chilled
with ice. Then 1 mg. of crystalline trypsin was added/ml. of
homogenats, and the tube was placed in a water bath at 37°
for 2 hr. After this incubation the homogenate was chilled
with crushed ice and the proteins were then precipitated by
1he addition of 8 vol. of 859 (v/v) ethanol, previously
chilled to -16°. After centrifuging in an Internatiomal
Refrigerated centrifuge at 1000g for 10 min. the super-
natant was discarded, and the sediment was taken up in
water to give twice the volume of the original homogenate.
The solution was centrifuged at 1000g for 10 min., and the
sediment was discarded. The supernatant, which contains
the solubilizsed carbohydrases, was dialysed for 16-24 hr.
against water at 5°. It was stored at -16°. _

Enzyme-fractionation methods

Anion-exchange chromatography.  Diethylaminoethyl-
o-llulose (DEAE-collulose) was prepared from Solka Floe
cellulose powder SW 40A by the method ‘of Peterson &
sober (1956). The product oontained 0-8 m-equiv. of
ritratable “slkaline groups/g. dry wt., titrated in 0-8x-
w «lium ohloride (Peterson & Sober, 1956). By ethylation as
described by Porath (1957) the diethylaminoethylocelluloss
was converted into triethylaminoethyloellulose (TEAE.
cvllulose). This ion-exchanger was stored and used in its
bromide form. For preparation of the columns the ion-
~xchanger was fitst stirred with 100 ml. of 0-01 M-phosphate
m:ffer'g. for 30 min. The column was washed with 500-
1000 ml. of the same buffer/g. before application of the
protein.

Heat inactivation. Heat inactivation of the enzyme pre-
parations was performed as described by Dahlqvist
1939a).

RESULTS
Distribution of carbohydrases s the digestive tract
Tissue homogenates. Homogenates of all parts of
the small intestine of starved rats had considerable
-xtranase activity, whercas homogenatcs of the
~tomach, caecum and colon were poor in dextran-
« (Table 1). The dextranase activity was some-

wlat higher in the proximal two-thirds of the amall
intestine than in its distal third. Amylase activity,
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in contrast, was present in considerable amount in
all parts of the digestive tract. The disaccharidases,
like the dextranase, were mainly locelized in the
small intestine. They were, however, not uniformly

- distributed along the small intestine. The in-

vertase and isomaltase activities had a distribution
similar to that of the dextranase, but the tre-
halase was considerably more conocentrated in the
proximal part of the small intestine, and the
maltase activity was sbout equal in all three
perts (Table 1). Nine rais investigated all showed
essentislly the same distribution of the carbohy-
drase activities.

Pancreatic juice. Rat pancreatic juice containing
40 mg. of protein/ml. had very powerful amylase
(10 000 units/ml.), weak maltase (1~1-5 units/ml.),
and no detectable dextranese, invertase, isomaltase
or trehalase activity (less than 0-02 unit/ml.).

Caecal contents. Homogenates of the caecal
oontents of starved rats contained only Jow activi-
tios of the carbohydrases studied (Table 1).

Intracellular localizntion of carbohydrases

The major part of the dextranase, invertase and
isomaltase activities of muoosal homogenates were
recovered in the particuiste fractions on differential
centrifuging (Table 2). The three activitics were
distributed in a parsllel manner, with the highest
activity (units/mg. of protein) in the 100 000g
fraction.

Solubslization and fractionation of enzymes

After digestion of homogenates of the mucosa of
the small intestine with trypein and purification by
ethanol precipitation, 759 of the dextranase
activity was recovered in soluble form together
with the other carbohydrases. This preparation was
used for a study of the separation of the enzymes
by snion-exchange chromatography and heat in-
activation. Trehalase activity was not followed in
these experiments.

Anson-sxchange chromatography. When the solu-
bilized enzyme preparations were chromatographed
on TEAE.cellulose, several peaks were obtained
(Fig. 1). A column (1-0cm. x 5-5 6m.) containing

Tablo 1. Protein content and some oarbohydrase aciivities of different parta of the gastrointestinal iract
of a starved rat, measured in vitro wm Hasue homogenates

Experimental details are given in the text.

We
ti?:::o{ Protein Dextranase Amylass  Invertase  Maltwse  Isomaltase Trebalase
Tissue @) (mg.) {units) {units) {units) {unite) (units) (units)
" mach 14 98 016 148 026 20 033 o016
~ "l intestine '
. t;r«-xiunnl third 24 278 41 14 80 301 1 100
uldle third 19 204 49 ] 7-9 85 91 35
tustal third 21 179 28 850 39 344 63 037
v vum 11 83 015 78 0-25 o4l 0-33 0-00
T 17 134 0-16 168 016 " 038 ol8 004
~~al coutents 17 51 012 33 043 0-00 019 003
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o | . A. DAHLQVIST B

Table 9. Intracellular distribution of the dextranase, invertase and isomaltase activities
_ in subcellular fractions from 1 ml. of a homogenass of rat-small-intestinal muogea

Experimental detaile are given in the text.

. Probsin Dextransse Invertaso Isomaltass
: Fraction (mg.) {unit) {wnit) (wait)
7 000g sediment (‘mitochondria’) 10 014 0-34 0-26
100 000g sediment (‘ microsomen’) 09 019 052 0-30
Particle-free supernatant 18 013 044 019
o12r .
s (a) «
L 04 . 4
L. [
008 |- o3} .

Concn. of buffer (M)
©
®
Conen. of protein (mg./ml.)
9 1]
»

?
-

o
[~

15 20 25 0 33 40
Fraction no.

Fig. 1. Gradient-elution chromatography of rat-intestinal carbohydrases on TEAE-cellulose. Experimental
details are given in the text. (a): O, Buffer concsntration; @, protein oonosatration. (8): O Amylsss;
m, dextranase. (c): @, Maltase; ©, isomaltase; O, invertase.
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05 g. of TEAE-cellulose was used. A solubilized
intestinal-mucosal preparation containing 6 mg. of
in, 1-8 units of dextranase, 18-2 units of

smylase, 87 units of invertase, 17-1 units of

maltase and 3-4 units of isomaltase, dissolved in
ssml. of 0-01M-phosphate buffer, pH 6:0, was
spplied to the column. The elution was performed
st 20° with phosphate buffer, pH 6-0, of con-
tinuously increasing molarity, with a flow rate of
0-05-0-10 ml./min. Each fraction collected had a
volume of 2-6 ml. In theeffluent 88 9 of the protein
snd 55809 of the carbohydrase activities were
recovered. :
The dextranase activity appeared as a single
. The amylase activity was recovered in two
poaks, both of which were separated from the
dextranase (Fig. 1). The dissccharidase activities
formed three different peaks. All of these three
peaks contained maltase, two of them invertase
and only one isomaltase. One disaccharidase peak
sppeared in the same fractions as the dextranase;
this peak contained all of the isomaltase, about
two-thirds of the invertase and one-fifth of the
maltase activity recovered in the effluent.
Heat inactivation. The course of the heat in-
sctivation of the carbohydrase activities of solu-
bilized intestinal-muoosal preparations waa followed
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Heat inactivation of the dextranase, invertase,
Taase and isomaltase activities of solubilized rat-
“ir<tinal earbohydrase preparation (a) at 50 and at
150, (b) at 60° and at pH 6-0, and (c) at 45° and
" PHS0. The buffer was 0-0lM-sodium phosphate.
- Invertase; @, maltase; @), iromaltase; W, dextranase.
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at temperatures varying between 48° and 60° and
pH values between 5-0 and 8-0. The enzyme solu-
tion had previously been dialysed agsinst the
appropriste buffer (0-01m-sodium acetate and
0-01 M-sodium phosphate buffers) for 20 hr. at 4°.

The dextranase, invertase and isomaltase sctivi-
tios under the conditions tested were all inactivated,
following the course of a first-order reaction, i.e.
when the logarithm of the amount of activity re-
maining was plotted againat time a straight line was
obtained (Fig. 2). The heterogeneity of the rat-
intestinal invertase observed chromatographically
thus oould not be demonstrated in the heat-
inactivation experiments. Under all conditions the
inactivation of the dextranase and isomaltase -
activities ran closely parsallel, but the invertase
activity is exerted by an enzyme with a clearly
different sensitivity to heat, At pH 5-7 the in-
vertass was inactivated more rapidly than the
dextranase and isomaltage octivities, but at pH 8
the last two activities were more sensitive to heat
than was the invertase. After heat-treatment at
50° for 1 hr. at pH 6-0 the invertase was completely
inactivated, but 609, of the isomaltase and dex-
tranase activities remained.

The relation of the maitase activity to the other
disaccharidase activitiea could not be evaluated
from the heat-inactivation, experiments, owing to
the ocomplicated courss of the insctivation of
maltase (Fig. 2). This course roflects the chromato-
graphio heterogeneity of the maltase activity.

In some experimentas the course of the heat in-
activation of the amylase activity was also
followed. The shape of the curve indicated the
presence of two amylases with different sensitivities
to heat. ‘

DIBCUSSION

In both rat and man the oral administration of
dextran causes & rapid increase in blood sugar
(Bloom & Wilhelmi, 1952), which has been
sssumod to mean that the polysaccharide  is
hydrolysed by & genuine intestinal enzyme and not
solely by bacterial action (Bloom & Wilhelmi,
1952; Fischer & Stein, 1960). In agreement with
this, dextranase was in the present study found to
be localized mainly in the small intestine. The
large intestine and the caecal contents had very
littlo dextranase activity, which seems to rule out
the possibility that the enzyme is of baecterial
origin. The cnzyme is probably formed in the
small-intestinal mucosa, since the pancreatic juice
did not contain dextranase. In homogenates of the
small-intestinal mucosa the dextranase, like the
disaccharidases, was mainly present in insoluble
form, but could be solubilized by digestion with
trypsin without approciable loss of activity. The
distribution of the dextranase activity in the
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gastrointestinal tract is quite different from that of
amylase, That amylase is distributed in all parts of
the gestrointestinal iract is in accordance with the
findings of McGeachin & Ford (1958). The separa-
tion of the dextranuse and amylase activities by
anion-exchange chromatography also clearly shows
that they are exerted by different enzymes. The
separation of the amylase in two different peaks
does not seem to have been observed previously.
The origin and specificity of these two amylases is
a8 yet unknown. '

Location in the small-intestinal mucosa is similer
for the dextransse and the disaccharidases. The
activities were not uniformly distributed along the
smaell intestine. The trehalass activity was highess
in the proximal third of the small intestine; the
dextranase, invertase and isomaltase activities
wore strong in the whole small intestine, but highest
in its proximal two-thirds; the maltase activity was
about equal in all parts of the small intestine. The
- unequal distribution of these activities has pre-
viously been observed in the pig small intestine
(Dahlqgvist, 1861a).

The fractionation of the intestinal disaccharidases
into several enzymes is in accordance with observa-
tions in pig (Dahlqvist, 19594, b, 1960a) and man
(Dahlqvist, 1962). The rat-intestinal invertase was
fractionated into two componentda by anion-
exchange chromatography, whereas in pig and
man no heterogeneity of the intestinal invertase
has been revealed. Although tho different species
hitherto investigated have & roughly similar set of
intestinal disaccharidases, marked species differ-
ences may exist. Difforencos in apecificity between
the disaccharidases of the pig and man have been
noted (Dahlqvist, 1962).

The fractionation methods separated the dex-
tranase sotivity completoly from the amylase and
invertase activities, and also from the main part of
the maltase activity. The trehalase activity was not
studied in the fractionation experiments, but the
distribution of the dextranase and trehalase
activities in the small intestine shows that they
belong to separate enzymes. In all the experiments,
however, the dextranase and isomaltase activities
closely followed each other.

These activities also were distributed in a
parallel way in the digestive tract with a constant
isomaltase ; dextranase activity ratio of 20, which
strongly suggests that the rat-intestinal doxtranase
and isomaltase are & single enzyme.

SUMMARY

1. The intestinal dextranaso is confined to the
small-intestinal mucosa. Like the disaccharidases
it is chiefly particulate in mucosal homogenates,
but can be solubilized with trypsin without appre-
ciable loss of activity.

1963

2. The distribution of the dextranase and . .
results of fractionation (by enion-exchangs chr.,
matography ang heat inactivation) demonstrat.
that the dextranase is distinot from emylas.
invertase, trehalase and at least the msjor part .,
the maltase activity.

3. Isomaltase, in contrast, was indistinguishal,.
from the dextransse with a constant isomalte
dextranase activity rutio of 2:0. It is suggest
that these two activities are exerted by the san,
enxyme.

¢. The amylase activity of mucosal preparatio;
waa found to belong to two different enzymes. 11
disaccharidase activities were exerted by a mixtu-
of enzymes, roughly similar to those previous
recognized in preparations from pig- and huma;
small-intestinal mucosa, but showing a speci..
difference in containing two invertases.

The investigation was by grauts from t:.
Swedish Medical Research Council. Misa A, Hansson a::
Miss B. Andersson sre thanked for their skilfal technic..

-assjstance.
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‘the incidence and size of hepatic metastases following intra-
Ctad injeetion of known numbers of Walker careinoma ¢olls were
cased after administration of Jow, medium, and high molec-
The dextran~ were not hepatotoxie, and

<o they indueed in viscosity of the Llood or heniaoerit. Simple
. ‘«-mmn of tumor ecll inocula in low molecular weight dextran
, reaulled in augmentation of tumar growth, suggesting that

. dextruns may exert more direct, albeit at present unclear,

_owth-promnting effect on tamors.

paring the eourse of these studies a consistent and ronghly
Jiantitative relationship was observed between tumor growth
aeb inerease in circulating blood volume resulting from the

eininiztration of low molecular weight dextran or other modal-
S osuch oas plasma or saline infusions,
»oounting for this effect are consideved.

T’ossible mechanisms

The failure to observe alteration in blood viscosity following
v injury, s modality consistently noted to augment tumor
sewth in the experimental model utilized {or evaluating metus-

* o, mokes it Bighly unlikely that the effeet of liver injury on

senar mowth 1 refated to the rheolagie alteration that has been
“erved to follow tissue injury in man and dog,.
Fhe veaults of this study further suggest that ultilization of
“nts that expant blood volume during neoplastic surgzery might
- imudivions,

Iniraduction

Vhile rxtensive informntion relative to the hiologic aspeets of
e ometasla=es has aceumulated (U, 11, 15, 16, 33, 45, 48, 51,
Jnuch of the proeess remains a mystery. In particular, little
nown of the precise mechanism whereby a cirenlating tunior
Checomes arrested inan intravascular position. Greene and
Loy (27) sugeested that vascular “receplivity” to tumor cells
“iportance i this process and that cells become adherent to
vieulir eadothelinm in the fashion of Jenkoeytes at the <ite
Sthonation. Sinee (@) thrombi oceur wouned arrested tvuor
~ o) 531,
ambaplastin (5, 8, 30, 33, 34, 37), (¢) hype "/.n -7l its
winted reduction in fibrinohetie 1 e lises the number
wewdases (31, ar Y ey fTpario (13, 52) and fibrinolysin (8,
MY e ™ dence of metiistases, it has also been ¢on-
Tt the congulation meehaniam may play a vital role in
“iniial adberenee of caneer eells and their subsequent develon-

SEnto overt metastasez. Whatever the mechanisins) in-

Mded by USPHS Gronts CA-GHHE and CA0G670 and Ly
Srican Cunecr S ciety Grant 1,
werived for publieation June 13, 1965,

CNUADY 1960

(M) animal aud human cancer cells may be ried w7

volved, adhesion of tnmor cells and succecding metastaser occur
most frequently in the microvasculature, i. e., the capillarics (45,
50).

In recent years there has been a remarkable revival of interest
in the rheologic events that oceur in this portion of the vaseulur
compartment, in both health end di~case. The impetus for such
studies has come priwarily from the investigation of Knisely
al. (81), which attracted atteniion to the importance of ccli
aggregation or “blood ~ludging” in the microcirculation, and
from the extensive inveatigation of Gelin et al. (23) following the .
advent of dextran. Injoriation relative to the rheology of blood
in the microvasculature, to the usc of low molecular weight
dextran to alter capillary flow, and to techinies employed for such
studies bas recently been reviewed (10, 24, 40, 47).

Knowledge relutive to the rheelogy of blood in the micro-
vasculature and the development of tumor metastasis, in spite of
its seeming importance, is not available. Investigations, the
results of which are reported here, were carrierd out with the
purpose of obtuining such information consequent to a variety of
hematorheologic alterations.

Methods

Sprague-Dawley female raiz weighing 180-200 gm were used
in all experiments. They were housed in individual cages and were
permitted water and « stundard laboratory chow diet ad Libiur,
Hematoerit determinations wera made on blowd from the 1ail of
all animals with the Deunimond microhematoerit and doidbe-
oxalate tubes. Only those samples having valurs 2 points o
the average of 42 were used. When heparinised blood was
emploved, untrested tubes weve used.

Viscosity of blond was measurad iimmediately after withdrawnd
i the Brookfield Synchro-Lectric  viscometer  (Brookficld
Engineering Labartories, Stoughton, Massachusetts) at 37°C
and is expressed as centipoise. Viscosity was determined over the
entire range of the instrument, 60-0.3 rpmn, and only valies oh-
tuined froom 5 to 60 ypma ave reported. Within this range the

Getrfiuent is acenrafe to within Jess than 1 centipoise. To

ensure the representative nature of the bleod sample employed
for viscomity determination, a comparison was made of the
viscositics of blood satples taken simultaneously from the left
heart and the femoral and portal veins. Results were identieai
from the 3 sites.

SGP-T? was determined on blood drawn by ecavdiac puncture
and is expressed in Sigma-Frarkel units (41).

2 The following abbreviations are uxed: SGP-T, serum glutami:
pyruvic transnminnse; RISA ¥ rolioactive iodinated =erun
albumin; LMW, low nwolecalar weighi ; MMW, medium molecular
weight; HIMW, high molecuiar weight; RIS, reticuloendothelial.
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Phagoeytie aetivity of the retieuloendothelial system following
saline and low molecular weight dextran was assessed by the rate
of carbon clearanee as deseribed by Biozzi et el (3) and as
previously reported from our laboratory (20, 21). The rate of
clearanee of carbon from the blood or the phagocytic index is
expressed as a constunt, K. The greater tle K, the more rapid
the carbon clearanee. After this value has been eorrected for body,
liver, and =pleen weight, it is expressed as a, the corrected phago-
eytic index.

Total blood volume was estimated by determining the dilution
of RISA¥I (Abbott Laboratories, North Chicago, Hlinois) in a
10-min po=tinjection ample of 1 ml of blowd.

The Walker carcinoma used in these experiments has been
propagated in this lnboratory for the past 7 years. The method
of preparation of tumor cell suspensions and the technie of in-
jeetion have been described in detail (JR). An equal number of
animals front cach group within an experiment received the same
Aumor cell suspension.

At racrifice 14 days after tumor cell injection all animals were
examined for liver wmetastases. Tumors, when present, were
arbitrarily gruded according to number and size. Small, oc-
casional nodules were considered 415 Turger nodules scattered
throughout all lohes, +2; and almost complete replacement. of
the liver together with bloody peritoneal fluid, +3.

At saerifiee, complete autopsies were performed. Blocks of
heart, lung. liver, =pleen, adrenals, and kidney were fixed in
absolute aleohol, further dehydrated with petroleum ether, and
imbedded in paraflin. Sections were stained with hematoxylin and
cosin, as well as according to the periodic acid-Schiff technic. The
latter was al=o utilized in formalin-fixed tizsues with and without
antecedent diastase treatment. The demonstration of dextran
within tissuex was accomplished by comparing duplicate sections
stained with aqueous and alecholie periodic aeid in the p«-rindi(-'
acid-Scehill sequence according 10 the method of Mowry and
Millican (36). Dexivan, being water soluble, is removed in
sections treated with the aqueous agent, but it is preserved in
sections in which water is avoided. The utilization of diastasc
eliminates glyeogen, which might interfeve with the identifiea-
tion of dextran.

Expcrimental Design

EXNPERIMENS LD EFFFOT OF ALTERATION OF HEMATOCL! ! AND
BLOOD VISCOSITY ON HESATIC METAxTASES. With the use i light
open drop ether anesthesin, polyethvlene eatheters (PE 30 were
anchored in the femora! veins of rats in all groups exec .1 un:
touched controls (Group A). Forty G0 of the ealealated blooil
volume swax withdrawn ~lowly over 57 miin, and an equal - danie
of the fluid 10 be eviduided was reinfuscd. This proeadv - was
repeated a 2nd time, <o that 609, of the original plasma vo! e or
600, of the ved ecll wass; or both, were replieed. In ~ham
control= (Group B) the animal’s own Liood was reinjected.
Heparinized syringes were utilized for injections in both experi-
mental and sham control rats,

In order to deercase the heanatoerit (Group C), blood was re-
placed with the follewing cell-free fluids: (a) rat plasma; (b)
LMW dextran rRheomacrodex,  Pharmacia Laboratories,
Uppsala, Saeden), molecular weight 40,000 106, w/v in normal
salines ¢} MMW dextran (American Dextran, Abbott Lab-
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Cuart 1. Viscosity of various solutions employed for repluc.
ment of rav blood.

oratories), moleeular weight 75000, 6% w/v in normal salp,. .
and (d) HMW dextian (Dexivaven, Benger Laboratories, Tad
Holmes, Chupel, Cheshire, England), molecular weight 150y,
6% w/v in normal saline.

The viscosities of the various fluids used for replacemnent wer.
determined (Chart 1). Rat plasmu had the lowest viscosity ar
HMW dextran the greatest. Al were considerably less viseon
than rat blood.

To inerease the hematoerit {Group D), red cells from donor e
were separiated from the plasma by eentrifugation, washed w:
normal saline and resuspended in sufficient saline to produce .
hematocrit of 80 in the solution to be infused,

In Group 17 red cells separated from the plasma were washo.
and resuspended in low, medium, or high moelecular weich -
dextran solutions to reproduce the normal hematoerit, A
animals were injected intraportally with 5000 Wialker tumor e
24 hr after blood replacement,

A serics of identienlly manaped animals, not injected wih

tumor, were utilized for hematoerit. viseosity, blood volume, s

transaminise deferminations at varying times lollowing bloe.t
replacement.

EXPERIMENT 2. BFFECT CF PROLONGED INFUsION oF LMW
DEXTRAN OR SALINE ON HEPATIC METASTASES. DPolvethy's
catheters were anchored in the jugalar veins of @)l animals, 15
(including control ) were placed in restraining cages with &
apprapricte Lhinnes< so that they had a fair amount of molads
but were unable to destroy the eatheters. With a constapt e
infusion pump, rats were given 8 ml/24 L of either =olice
LMW dextran. Infusion was hegun immediately after tumor o
injcvtim; and was continued for 24 and AN he (Groups A and 1
respectively). In Group C tumor cells were injocted at the sl
point of the 48hr infusion. At the termination of infu-"
catheters were oceluded and animals were returned to indivili..
cages. The number of turor eells inneulated and times of saetti
of animals were similar to those in Experiment §. :

Identical groups of wnimals were subjected to bematory
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~ity, blood volume, and transaminase determinations 24 and

N hl 4fter infusion.
. \PERIMENT 3. EFFECT ON METASTASIS OF INJECTION oF LMW
111AN OR SALINE PRIOR TO AND AFTER TUMOR CELL INOCULA-
« tugular catheters were inserted into all animals 24 hr prior
camor cell inoculation. Animals in Group A served as unin-
-l tumor-inoculated controls. Rats in Group B were given

tions via 1he jugular catheters 1, 6, or 24 hr before tumor cell -

tion with cither 2 ml of normal saline or 2 ml of LMW

am. In Group C the injeetions of saline and dextran were

.d out 1, 6, or 24 hr after tumor cell inoculation. All animals

vl 5000 tumor cells. They were sacrificed 14 days later and
Cained for tumor.

yiat< prepared inidentical fashion wereused for determination
< penatoerit, blood volume, and blood viscosity.

y \IERIMENT 4. EFFECT OF 8IMULTANEOUS INJECTION OF TUMOR
e 1n TAW pextran. The solid tumor was gently pressed
“wuzh o eytosieve, and a portion was suspended in either saline

LMW dextran. Proper dilutions were made and 5000 tumor
i< jn cither 0.5 ml of saline or dextran were inoculated intra-

TR dh Sacrifice time was similar to lhat for the other experi-
Nt

VX1 FRIMENT 5. EFFECT OF HEPATIC TRAUMA ON BLOOD VISCOS-
. - RLLATION TO METASTASES. Animals were divided into 3

vups: (@) 10 animals served as unoperated controls for vis-

<ty and hematocrit determinations; (b) 21 animals were

~hjeted, while under ether anesthesia, to simple laparotomy
hout touching the liver; and () 21 rals were laparotomized
 subjeeted to liver manipulation. Blood from animals in the
“tor sroups was drawn 6 and 24 hr later for determination of
wo-ity and hematoerit.

LRSI B

ot of Alteration of Hematoerit and Blood Viscosit) J on Hepatic
t tasis (Toble 1)

Yomatoerits, viscositios, and blood volumes oblained from 120
Sl mats (Group A) served as control values. These animals

P

Factors 1nfl ucnrmg e patw Uctaslascs. NVT

had an nverage hematocerit of 41.2 & 2.4, a viscosity of 8.3 + 2.1
centipoise at 6 rpm, and a blood volume of 12.0 £ 1.3 ml (6.4
+ 0.4¢, of their hody weight). When similar animals were
injected intraportaily with 5000 tumor cells, 44¢, demonstirated
hepatic metastases at sacrifice; 1975 of the tumors were classified
as +2 or +3.

Sham-treated control animals (Group B) demonstrated an in-
significant decrcase in viscosity and hematocrit 24, 48, and 96 hr
and 8 days after manipulation (Charts-2 and 3). Likewise, the
blood volume after 21 hr was ouly slightly inercased (12.9 + 1.0
ml or 6.9 £ 0.1¢ of body weight). No difference in degree or
incidence of metastases from that found in normal controls
(Group A) was encountered,

“When a part of the red cell mass was replaced with plasma, or
with low, medium, or high molecular weight dextran (Group ©), &
profound reduction in buth viseosity und hematocerit was pro-
duced, and it persisted for as long as 8 days (Charts 2 and 3).
Twenty-four hr after LMW dextran replacement, the blood
volume was 9.0 + 1.8', of body weight and following plasa
substitution, 0.1 & 1.1¢; of body weight. Animals injected with
twmor cells at the peak of such an alteration demonstrated a
striking increase in ihe incidence and degree of hepatie
metastases. This particularly was evident in the dextran-treated
apimals. The employment of HMW dextran resulted in the
greatest augmentation and of plasma, in the least. Following
MMW and HMW dextran, the blood volummes were slightly in-
creased (10.9 % 11.1%, and 11.7 % 6.0%). '

Replacing plasma with packed red cells (Group D) rexulted ina
sustained inerease in viseosity and hematoerit (Charts 2 und 3)
and a significant iucrease in blood volume. Animals inoeulated
with tumor demonstrated the sane findings as those in which
viseosity and  heinatocrit had  been  lowered-—an  increased
incidence and degree of hver metastases,

When plasina nlone was replaced by Jow, medium, or high
molecular weight dextran (Group ) the hematoerit was es-
sentially unaltered. The viscosity was only slightly lowered by
MMW and HMW dextran, Incidence of metastases and the

TABLE 1
LiveeT or Ax TErATION OF HEMArocrit, Broon ViscosiTy, AND BLoop VOLUME 0N DEVELOPMEN'T OF H:-m ATIC \h:TmThh
Ar TIME OF TUMOR INJECTION BLOOIH VOLUME HEPATIC NETASTANES
Group N - T I i -
I:‘:'!:( Hemautocrit Viscosity® ml % body wt. Increase (S2) ‘\,?"l:f <+ ;',.' -3+
Nl control 120 41.2 & 2.4 8.3 4: 2.1 12,0 + 1.3 6.4 + 0.t 209 14 19
~am control 24 38.8 :+ 1.8 74413 12.9 £+ 1.0 6.9 £ 0.1 7.5 £ 2.1 114 40 13
Low hematoerit '
1. Phisma ; 12 13.2 - 0.4 2.4 40,7 15.3 + 2.8 9.1 1.1 41.0 + 17.5, 65 65 20
20 LMWE dextran 12 17.6 4:- 1.3 2.6 4 0.6 15.6 & 2.6 9.0 £ 1.8 40.4 + 27.83 46 87 77
2MMW dextron ! 12 ' 15,7 4 0.6 2.5 4 0.2 , 13.9 &£ 1.2 7.1 0.7 10.9 = 11,1, 38 84 6
LOHNW dexoran ! 12 0 13.3 2 2.4 2.1 4+ 0.5 | 13.7 & 0.7 7.1 & 0.4 11.7 £ 6.0 21 9 - 90
©High hematoerit ! 12 5.8 + 1.7 13.3 4 2.4 16.0 & 0.5 8.0 + 0.4 25.3 & 6.2 46 63 . 48
N amal hematoerit i : : i
LOIVW dextran 12 & 42.5 - 1.4 8.0 1 15.1 £ 0.7 7.8 & 0.4 2.3 £+ 6.2 42 GO | 58
LOMMW dextran ‘ 12 . 8.5 1. 1.0 6.9+ 0.9 15.0 + 1.4 8.2 + 0.7 27.5 & 10.9 43 sl 66
LOTVW destran 12 | 414 % 1.3 5.9 o 0 16,4 £ 1.1 8.5 + 0.5 B 7.9 a6 S0 i 69
| H » .

Centipoise (37°CY) at 6 rpm.

|

LMW MAIW, and MW, low, mediu, and bigh moleeilar weight, respectively.
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A. NORMAL
B. SHAM
C. INCREASED RED CELL MASS (RCM)
DECREASED RCM WITH:
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Crakr 2. Effect of alteration of red cell mass on blood viseosit vy,

degree of Linor growth were preatly increased by all 3. Rig-
nificant inerea~es in blood volume followed the employment of all.

T'o determine whether such alterations of the blood might not
result in tissue dumage that might be refleeted in chunges in
SGP-T, this parameter was determined 24 and 458 he following the
experimental manipulations (Table 2). At the carlier tine, only
groups with a lowered hematocrit that received low and high
moleeular weight dextrans had a significant elevation of this

value. After 48 hr, in addition to thosc greups, the groups re--

ceiving plasma and HMW dextvan (Groups C-1, C-4) had an
increased SGP-T. Increasing the viseo=ity and hematoerit (Group
D) or substituting the dexttans for plasma (Group E) had no
cffect on thiz parameter.

Eflect of Pvolonged Dufusion on LM Dortran or Sabine on {lepalic
Metastus s (Table 3)

The infusion over 24 hr of an amount of LMW dextean equiva-
lent to more tha 500 of the amanal’s Blosd volunie only Sightly
Towered hlood viseosity (Chart 1), reduced the hemato it from
45.6 4 0.0 to 400 & 2.4, and inereased eirculating blood volume
158.2 £ 1257, Adinistration of an equivalent amount of saline
resulted in o greater reduetion in hematoerit and viseo<ity but
in not az great an inerease in blood volume.

Continuzation of the infusion of LMW dextran or saline for 48
hir =0 that animals received an anount of fhid alinost cquivalent
to their initiul bloed velumes resulted in no significant change in
hematoerit. Aninerease in viseosity (Chart 5) and in bluod vol-
ume cecnrred after LMW dextian. Saline infusion produced no
change in viscosity but did inerease the blood volume by 7.2 4
4.2¢,.

When animals were inoculated with tumor cells just prior to 24°
or 4% hr ot infusion with saline or LMW dextran (Groups A and
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B) or at the midpoint of n 48-hr perfusion (Group C). the ',
dence and degree of hepatic metastares observed in such gy,
were in all instances greater than in control, unperfused aniy,;,

" Although saline infused for 24 hr increased the incidene.

metastasces, the augmentation was not as great gs when LA,
dextran was emiployed. Likewise, the magnitude of tumor froy
was less. The incidence of metastases was the same wlmn}-inp
saline or LMW dextran wes infused for 48 hr, but tumor ~ize

A. NORMAL i
B. SHAM I
C. INCREASED RED CELL MASS (RCM) |
DECREASED RCM WITH: i
D. LOW MOL. WT. DEXTRAN i
E. PLASMA i
F. MED. MOL. WT. DEXTRAN ;
60 - 6. HIGH MOL. WT. DEXTRAN -
50 - \ —-f )
c
|
40 © o——__

s,

30

HEMATOCRIT
U S S

20 |-
10 - TUMOR CELL -
INJECTION
i
0 ! 1 i I ?
0 24 43 96 8DAYS

POST ALTERATION - hr
CuART 3. Effect of nlteration of red cell mass on hematoerii.

TABLE 2

Errect oF ALrtEraTioN OF HeMaTocrir or Broon Viscosiry
o Born, oN SERGM TRANRAMINASE

i Skrun GLUTAMIC PVRIU L I¢
Grotp if\'ln)‘.;!‘ X . ._-:.T.;‘;“::s,} -
‘: M hr is hr
A. Normal eonirals ! M4 0 2148
B. shum comrols P12 15 4+ 8 B
C. Low hematoerit !
1. Plasinu 13 20 + 14 35 = 10
2. LMW destran® 12 61 + 50 31 4 1N
3. MMW dextran 12 21 £ 4 29 4 ¥
4. HMW dextran 12 18 % 38+ 44 2 2
D. High hem:tocerit 12 17 %7 20 + 18
E. Normal licmantoerit
1. LMW dextran 19 21 + 19 17 =6
2. MMW dextpan 17 2% + 13 28 & 14
3. HMW dextran I 12 i 21 4+ 13 20 £ 12

* P < 0.0 when compared to controls.
FLMW, MMW, and UMW, low mediwn, and high molcculst
weight respectively.
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TABLE 38
Frrecr or ProLoNokn INsusioNe o LMW DexrteaN vronN DevevormeNT oF HeraTic METASTASES
Broop voLuur® u:"?':,ncu
LENGTH OF INFUSION Gaovy Hraarocur” o —— ';""’"'r‘""
mt % body wt. | Increase (%) 07. % + ;z_ﬂ’j’+
rats
A. 24 hr after tunior cell { Control (un- 45.6 + 0.614.4 & 0.96.6 £+ 0.3 19137129
injection infused)
Saline 38.4 £ 1.5/15.0 = 0.67.3 0.6‘10.0 + 9.01.20 50410
LMW« 40.6 + 2.4{16.8 £ 1.37.8 = 0.818.2 + 12.8 20|70 | 71
dextran
B. 48 hr after twnor cell | Control (un- 44.1 + 1.611.7 & 0.46.1 == 0.1 20|40 | 25
injection infused)
Saline 45.0 + 1.8(12.8 % 1.16.5 = 0.3, 7.2 4+ 4.2 20 | 65 | 31
LMW 45.1 & 1.813.3 + 0.86.7 = 0.2 9.3 £ 3.5 |19 | 08 | 51
dextran
C. 2 hr before and 24 hr | Control {un- 203520
after tumor cell injee- infused
tion
Suline 18 | 61 | 55
LMW 16 | 86 | 78
dextran
s 8 ml/24 hr.
® Find of infusion.
< LMW, low molecular weight.
V5.0 i T T T 13.0 I ] i I
8l voL. HEMAT, - 81, VOL. HEMAT,
. (% BODY WT.) o (% BODY WT.)
128 - - 125 - —
em—ee CONTROLS 6.6 46 " e CONTROLS 6.1 44
—eew LMW DEXTRAN 7.8 41 w \ wemew LMW DEXTRAN 6.7 45
seseees SALINE 7.3 36 » \ esseses SALIRE 6.5 45
WO - 8 10.0 - —
Fod
-4
w
13
15 - -~ 1.8 -1
>
[
@
o
50 |- -4 8 80} —
s
25 L J 1 L l 2.5 i l l . l P ...J
6 12 30 60 [ 12 30 60
rpm rpm

it 4, Viscosity immediately after a 24 hr infusion of saline
CEMW dextran. Bl VOL,, blood volume; HEMAT,, hemato-

Ater inanimals receiving dextran. In all instances the degree

Ctwmor dnercase corrclated directly with ehanges in blood

e,
Fre prolonged infusion of saline or LA dextian failed to
“ethe SGPUT. Values determinea 24 and 48 hr following com-
ool infusion were not statisteally difterent from those in
dced aniniads (Table 4).

clof Lijoction of LMY Doxtran or Soline Prior to and After
o Celi Inocudation on Metastasis (Table 5)

e b following intravenous injection ol 2 il of novmal saline

ANTARY fuag

CHant 5. Viscosit v immedintely after a 48-br infusion of saline
and LMW dextran. BL VOL., blood volume; TTEMAT., hemato.
crit, :

There was, however, an increase of 19.7¢, in the blood voluine
and a slight inerease in viscosity, suggesting that the red ecll
mass had been increased. By 8 e the hematoerit and viscosily
had fallen and the blood volime had inereased 36.7°,. After 21
hr the blood volinne was ~till significantly elevated. Following
LMW dextran administration the changes were shinilar, hut more
pronounced. ‘The Dlood volume had inercased 3457, G hr tol-
lowing infusion, at which time a notable deerease in blood vis-
cosity was observed. Greaf variation from aninul to animal in the
response to infusion, particularly after 1 he, was observed in these
‘purameters, Injeetion of tunor cells 1, 6, or 24 hr after, or 1 hr
before, LMW dextran infusion, resulted in an inerease in both the
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incidence and the magnitude of hepatic metastases, When {he

group were buger than those in the controls,

Inoculation of trunor eells at any of the times alter adninista-
tion of saline vesulted in un inerease in metastases over the nume
ber observed in eontrol animals; however, the difference was not
#s pronouneed asatter LNIW dextran. When saline was adininis-
tered after twmor coll inoculation; les~ of an effect was noted. As
ob~erved in thie other experiments, a divect coreelation of tumor
grewth with blood volume alterations was evident.

Twenty-four and 48 hr after saline aduministration the SGP-T
values were 19 = 3 and 23 == 8 units, respectively. Following

) TABLIE—4
Erricr oF ProLoxGEp INFUSioN oF LMW DEXTRAN AND SALINE

deatron was given 6 or 24 hr after tunor inoculation no offect on
meCe atie incidence was noted, but tamors present in the 6-hr

ON SERUM TRANSAVINASE

Grovy

Experiment 1

A. Sham (uninfused)

B. Saline

C.o LMW dextran

Faperiment 2

. Saline

. LN dextran

e Postinfusion.

. ;M GLUTAYIC PYRUYVIS

Lpyom' | [SmegGunc P

510N | xats

(um) [ 2% he* 18 heo

o4 19448

#u | 6 | B2 |ma

24 i 6 W3 120%6

48 ' 6 20 L8 |24 &2

48 | 7 i W46 2 46

HAIW, low molecular weight.
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LMW dextran injection at these times, SGP-T"s were 97 +
and 25 =+ 10 units—-sinilar to the values of uninfused contpl,

The earbon clearunce in similavly treated animals 1, 6, g 2,
br after saline infusion was <tightly deereused (Chart 6). (y,0)
following 1AW dextian injection the carbon elearan. .. ¢
markedly aceelerated, hut by 6 hr somne evidence of delny iy ), .
function was noted.

Effect of Simultaneous Injeciion of Tumor Cells in L1 W D,

When 20 1ats were injected intraportally with a SUSPCL~ig | -
tumor cells in 0.5 ml of normal saline, 4, or 209, demonstyy,.s
liver tumors at sacrifice, and none of the tumors was +2or < 3:;
size. In another group of 20 rats injected with the same gy
cells suspended in LMW dextrun, metastuses developed in
of the unimals, 95 of which had 42- or +3-sixed tumors.

bt
»,

Effect of Hepatic Trauma on Blood Viscosity—Relation to Metas.
tases (Table ()

Blood viscosity and hematoerit determined 6 and 24 hr follow.
ing simple laparotomy were not significantly different from us,.
operated control animals. Animals whose livers had been maniye..
lated 24 hr previously, however, did demonstrate g signilicas:
reduction in blood viseosity and hematocrit.

APPEARANCE OF TuMor. Various treatments with dextyay a1,
alteration in blood viscosity or blood vohune failed to uificrer..
tiate the histologic appearance of the Walker tumor fron tha
noted in controls, »

APPLARANCL OF DEXTHANS IN TIssULS. Al dextrans emyplon. .,
could be identilied in hepatic parenchymial and Kupter ot
sinuseidal and perivascular maerophages in the lungs and hewr.

TABLE 5
Frrece or INgucrion (2ml) or LMW DEXTRAN AND SALINE OX HevaTocnit, BLoop YouuMe, Viscosrry,

AND HEpaTic METARTASES

|
R i BLOOD VOLUME ullri:;:fzs
Groue :\);‘ HEvaTocRIT |- — Viscosim? |
b : 1 i %% body wt Increase (%) 1:':{,' Y %
! ) i o ) o rats “ =3+
A. Controls 12 !10.0 £ 1.712.5 £ 1.3° 6.4 £ 0.4 - 6.2 4 1215930 0
B. Afler satine [ i !

1 Lrb 12429 4 331490 45 1.0 7.8 06 119.7 £ 88 7.3 4 1.3 30 60| 17
6 hr 12 875 £ 3.917.1 4 4.0 8.7 £ 1.0 367 & 20.76.0 & 1.0, 20 | 5, 12
21 hr 12890 £ 411463 + 1.4 74 £ 07 16,1 11070 2 1.0, 29 48 ) 14

C. Alier dextran ‘ ! i } '
1 12 439 & 0.205.7 1 5.0 S0 & 2.6 271 £ 40951 £ 1.8 2% | 86, o2
6 by 12 357 £ 2.517.0 ¢ 1.9) 8.6 £ 0.9 345 + 135190 + 1.0 22| 9] {60
24 hr 12 4008 £ 33113 1 1.5 7.6 0.6 195+ 9.8 6.7+ 1.8 26 61150

D. Before saline ‘ }
1 he i | 43117
6 hr i 26]23,33
24 hr ! 15{331 0

E. Before dextran ! !
1hr i 14164 44
6 hr | 2| 36 | 55
24 br 13|23 0

¢ Centipoise (37°C) at 6 rpm.
® Tine of tumor cell inocnlation relalive to saline or dextran injection.
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[‘\ { I T 1 T T
' SALINE LMW DEXTRAN
K(X10%) ALPHA K(X102) ALPHA

| — hr 3.2 8.6 ——— 1 hr 23.4 174
| ———6 hr 3.9 9.4 —==6 hr a3 9.2
| w24 hr 2.8 8.5 —y oy ¥ a3 93
| —.—CONTROL . 5.6  10.3 —~.— CONTROL 5.6 103
400 + — -
a
g .
| @ 300 - +% -
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o Y,

2 200 ~ -\. % ~
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o ] t ol
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Cuant 6. Carbon clearance 1, 6, and 24 hr following i.v. injection of salinc or LMW dextran.

TABLE 6 '
Errecr oF Heeatic Travma oN BrLoop ViscosITY AND IIEMATOCRIT
TIME | np VI5C08ITY AT 37°C (CENTIPOISE)
Group 1:;‘3;& or | Hemarocmir
RATS

(ux) G rpm 12 rpm 30 rpm 60 rpm
A. Unoperated controlr 10142 211 {63%£13 |54£00 142205 3.7 + 0.4
B. Laparotomy ' ¢ l10/42 427 |66 %21 |58%1.7 4.3 4+ 6.913.8 06

924 (1114022 [ 6.7 %08 |57 %07 1.6 + 0.5 | 4.0 = 0.3
C. Hepatic traumza 6 110l30+35 /61420 [53x1.5 140% 0.813.5 % 0.5

24 |11 ] 34 & 1% | 5.0 + 0.0,/ 4.8 & 0.7¢ | 3.8 £ 0.5 3.5 & 0.4

s Significantly different from controla,

“ip marrophages in the spleen, sinusoidal cells of the adi-aal
ol sinsoidnl and tubular epithelial cells of the kid ey
<t carintions in the amount of dextran were observed i ihe
st experimental situntions. However, it wasgencrally 1ted
4 the masimum quantity appeaved in the Jocations cited
v M and 06 he alter administration and that, exeep for
- oerasional maerophage in the spleen, all tissues were devoid
sdextian by 8 days.

-

Siscrssion

The destrans, poriienlarly those of higher molecular weizht,
e been veported 1o interfere with a variety of coagulation fac-
S5, 7, 32). A transient prolongation of blecding time during
~periad of plasma volume expausion lias been noted following
dion of LMW dextran to normal subjeets (25). Throubo-
e material from human tumors has been inhibited tn vitre
LMW dextean (49).
A roduetion in Blood viscosity with resultant inerease in
wheat flow 1s reputed to oceur following the administintion
TALW destian, This is & eonscquence of the dilution ol all

'
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elements on the blood (including fibrinogen) by o large amount of
low-viseosity interstitial fluid, which is attracted into the plasnu
from ncro<s the capillary wall as a vesult of increased colloidal
osmotie prossure (26). Also, LMW dextran rduees and reverses
cell aggregsition by the direct effect on the elevtrical charge of the
coll surface (2) or, as proposed, by physically or chemically
Linding fibrinogen (55). While the higher moleeular weight dex-
trans increase the aggregation of red cells and thus cause capillary
emboli in parenchymatous organs (28, 20), dextrans witls
lower molecular weights reverse this phenomenon (44).

All of these factors, and others relative to the rheclogic eflccts
of the dextrans, might well influence the course of cvents in the
lodgment and attachment of circulating tumors, about which
most of our knowledge comes from the icrocinematographic
studies of Zeidman (54) and Wood (49, 51). The latter investi-
gator has observed that within a matter of minutes following
lodgment of tumor cclls in capillaries the cells become surrounded
by a microeoagulum of fibrin and platelets, and a microthrombus
results. After a brief interval, the endothelium adjacent to the
thrombus loses its normal appearance, and leukoeytes acrumu-
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late at those endothelial sites. These eells traverse the minute de-
feets in the vessel wall and are followed by cancer cells, which
rapi-ily migrate into the perivascular tissues. Such cells ave re-
ported either to rapidly undergo mitotic division and grow as an
overl metastasis, to remain dormaut for a prolonged time, or to
undergo degeneration or regression. .

From the variety of experiments periormed in these studies, re-
sult= obtained are consistent with the conclusions that (a) LMW
dextrun, as well as dextrans of higher melecular weight, markedly
augnient the incidence and size of hepatic inetastases; (b) increas-
ing cvirculating blood volume enhances the number and size of
medastases; and (¢) contrarvy to anticipation, specific changes in
blood viseosity cannot of themselves be related 1o the incidence
of metastases. .

While the MW, and cven perhaps the MMW, dextrans may
augent metustases as a result of trapping tumor cells in the
slugzishly flowing eapillary circulation, the mechanism whereby
LMW dextran augments hepatic metastawes is less evident. This
offect =eems, at least in part, to oceur independently of rheologic
changes induced by the dextran. The inereased incidence and size
of mietastuses following the inoculation of tumor cells with LMW
dextran as a vehicle substantiute this view. No significant. altera-
tions of viscosity, hematocrit, or blood volume accompanied this
procedure.

Sinee we have repeatedly demonstrated that liver damage in-
duced by mechanieal tranma (12, 22), hepatotoxic agents (12,
19), alierations in hepatic eireulation (17), and other modalitics
(20, 21) sugments meiastases, considerntion was given to the
possibility that dextran might have a similar effeet. A lack of
consizlent alterntion of the SGP-1 sefins to diseredit this con-
tention. The swelling of the Kupler cells and sinusoidal compres-
sion by retained dextran may have resulted in tumor cell trapping
sitnilir 1o that observed in animals with fatty livers produced by
a high fat, choline-free diet or to that following the use of various
reticuloendothelial blocking or stimulating agents (e.g., Thoro-
trast, Proterrin, ete.). Of interest was the observation that LW
dextran is an effective siimulator-of the R1S system. It= influenee
on metastases i< in this regard analogous to that of other stimu-
Intors of the R system examined by us (20, 21). The Jack of
alteration of hepatie enzymes noted with dextran suggests that
its cffeet in this regard may be mediated Ly sinusoidal com)irex-
sion resutting from itz deposition in Kupier eclls. The nece-sity
for estimating the actual functional state of the RIY systen, by
elearinee wethods when cotloidal or other particles nre ideniitied
within its cellnlar compoenents is frther emphasized by tlese
findings.

Another suggestion (L.-EL Gelin, personal communieation) for
the inereased toowor incidenee following dextran administrntion
is that perhaps this agent prevents the formation of microthramhi
arownd cwlothelial-udherent tumor cells without, in contrast o
hepavin avud tilninolysin, dislodging them. Consequently, such
colis may be better nowrizhed by their imore intimate contuet with
the circulation than they might be if they were surrounded by a
clot. Thus. wmore cells may survive and propagate. Indeed,
Smith and Whitfield (43) have demonstraoed viable infravaseular
cells witheut surrounding thrombus formation as long as 7 years
after radical ninsteetomy., .

As s result of information secumulated by us, another explana-
tion to account for the mechanism whereby dextran and other
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fluids that increase blood volume might augment metasty.;.
suggested. Evidence ix available to suggest that when Wmer .,
do attain an extravascular position they may; possibly thy.,. .
motility and flow of interstitial fluid, be transported througt, ,
gans and tissues to main lymph chaunels (i.e., the thoraci. e
and, hence, back to the bloed vascular system. Thus, it i« S
lated that the greater the interstitial Auid and Iymph floy, -
more likcly are tumor cells not to hecome permanently Lodp.
perivascular spaces. Since the dextrans, and to a lesse; O\t s
saline, increase colloidal-osmotic pressure and translocat. TR
stitial fluid, there may be a decrease in lymph flow. Conseuens
fewer tumor cells, upon reaching an extravascular position, 4.,
dispersed from the organs and, hence, the greater the (. .
growth ohserved. Further studies to assess this concept an -
progress.

C. M. Rudenstam (persona! eommunication) suggested ;.-
the mechanism(s) whereby mechaniceal trauma, 8s repeated
demonstrated by us (12, 16, 22) and others 1, 4, 38, 30, 4=
sugments liver metastases might be related 1o signifieant .-
tions in the rheologic properties of blood with an increase iy«
cosity, similar to the findings of Gelin (23) following tissue inju
in the dog. While {ailure to dentonstrate such changes in heinae.
crit and viscosity by the method of measurement emploved 1,
lowing liver dumage does not obviate the possibility that w1 ..
flow rates in the sinusoids alterations do ocenr, there are at I
no overt findings to substantiate this thesi<. If changes in .
ripheral flow or coagulation mechanisms, or Loth, resulting fi..
trauma werce responsible for the inereased metastatie growth, .
might have heen anticipated that LMW dextrans would inhit.
this effect. Our findings following dextran adinistiation milir -
against this view. Indeed, it has been reported (1) that folionis..
trauma slightly more metastases were found in animals treas
with LMW dextran than in controls.

While it ecrtainly would be precarious to translate the finding-
from this experimental model to the situation of humans, it :
reasonable to speculate what effect dextran, or other colloid:.
osmotic agents that increase blood volume, might have when e
ployed during neoplastie surgery-—a time when circulating fun -
cells inerense in number. From tliese studics, and others aliud:
to, it might be surmised that employment of e dextrans at su-
a time is unwise.
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SUMMARY

The administration of low molecular weight dextran resulted
in an increase in hepatic metastases in rabbits receiving intra-
portal incculations of V2 earcinoma cells. This effeet is similar
to that observed previously in our laboratory following intra-
portal injection of Walker tumor cells in the rat. Although the
mechanism whereby dextran produces such an effect on tumor
growth is unclear, the findings do not appear to be related to
an anaphylactoid reaction due to dextran. They further em-
phasize the importance of local (“soil”) factors in metastasis
formation since the effect observed on hepatic metastases ap-
parently differs from that purported to occur in the lung. The
inerease i hepatie metastases in two species following dextran
administration provokes caution concerning its use in patients
undergoing surgery for neoplastic disease.

INTRODUCTION

In the conrse of obtaining information relative to the cfiect
of a variety of hematorheologic alterations on experimental
metastasis formation we observed (3) that the incidence ind
size of hepatic metastases were inereased with administration
of low, medium, and high molecular weight dextrans. It was
proposed that these findings might be consequent to the in-
erease in circulating blood volume resulting from the dextran
infusion. Reasons for such a comnsiderntion were presented.
Recently, however, Wood et al. (10) have challenged this ex-
planatioi. Since they failed to alter the frequeney of pulino-
nary metastases in the rabbit by dextran treatment, they sug-
gested that our findings obtained in the rat may have been
the conscaqnence of a species-specific reactiva to dextran which
haz been deseribed in that anmal (1, 7). In spite of our fail-
ure to observe such a response in our studies, it was decied
advisable to reassess the effect of low molecular weight dextran
on expernimentd liser metastasis in another species. Conse-
quently, the vabbit has been employed i these in estivations.
We are unaware of any reports indicating an anyphylactoid
respunse 10 dextran in this animal.

1 Aided by USPHS Grants CA-05716, CA-06048, CA-10663, and
Amcrican Cancer Society Grant P-142.
Ruceived December 3, 1967; accepted April 21, 1968,
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MATERIALS AND METHODS

New Zealand female rabbits weighing 1-2 kg housed in in-
dividual cages and fed Purina laboratory chow and water ad
libitum were employed. Tumor cell suspensions from V2 car-
cinomas propagated in this !aberatory for many generations
were prepared so that there were 50,000 cells/ml of either
normal saline or low molecular weight dextran {Rheomacrodex,
Pharmacia Laboratories, Upsala, Sweden, Lot No. 301164),
molecular weight 40,000, 10% w/v in normal saline. Animals
were randomized into 14 groups with 3 in each, and all groups
were treated similarly. One member (A) was injected via a .
jugular vein with low moleeular weight dextran (15 mb/ke”
body weight), and one hour later under ancsthesia (Diabutol)
was inoculated intraportally with 1 ml (50,000 cclls) of a cell
suspension in dextran. A second animal (B) of the group
received a jugulur vein injection of normal saline (15 ml/kg
body weight) followed in an hour by an intraportal tumor
cell inoculation (1 mil) prepared in saline. The third rabbit
(C) received no jugular vein inoculation prior to the intra-
portal injection of a similar number of tumor cells in saline.
Fach of the 3 animals was injected with tumor cells from the
same tumor. A different tumor was employed for each of the
14 groups. All groups were racrificed 8 weeks following injee-
tion, and a complcte autopsy was done on every animol.
Animals dying prior to saerifiee were likewise examined Tumaor
growth in livers of each animal in a group wae evaluatod and!
compared with that in livers of the other 2 in the same group
Size and number of nodules and degree of replacement. of lives
were taken into consideration. Only when the extent of tumor
in one liver was obviously greater than in the other wiasz (here
judged to be a difference. Lungs were examined for metustas
and, when present, were arbitrarily graded as 14 when thev
contained a few seattered small nodules, 34 when il jobio
were extensively involved, and 24 when the amount of tumoy
was intermediate.

RESULTS

All animals in 11 of the 14 groups survived uatil sacrifice.
In 9 of the 11 sets rabbits recciving dextran demoustrated
more liver tumor than did those members which were either
injected with saline or were uninoculated prior to intrzportul
tumor cell injection (Table 1). In one set (No. 8), while the
liver of the dextran animal was almost completely replaced hy
tumor and the saline and uninfused control rabbit Lad in-
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Table 1
Qo ,"_ oﬁ’.”g:xtnn Grmﬂd I:.I ;-hm Group v&i uu'x‘hhuad m Lung tumors S

Bev " Ne 7 rine(em) _ "Ne. Bise (1) No. “Sse (cm) compariso Dext Galisa  control

1 2 20,30 0 0 1 12 A>C>B 0 0 0

2 5 0.1-10 0 0 e O 0 " A>B=C 0 0 0

3 2 15,20 Died 1day 1 20 A>C 0 0

4 ] 1.0-80 3 10-45 . 0 0 A>B>»C 14 14 0

5 Replaced : 1 13 1 10 A>B>0 14 0 0

[ 1 30 4 10-25 . Died 1day B>A ] 14

7 Replaced 1 10 | 0 0 A>B>C 3 0 0

8 Replaced >15 1028 ° >15 05-27 A=B=C 24 24 4+

9 9 04-25 ] 1.0-13 1 0 A>B>C 0 0 0
10 1 33 0 0 i 0 0 A>B>C 34 0 0
11 2 03,05 ] 0 * Died 30 day (neg) A>B 0 /]
12 1 (1] Almost replaced 5 1440 B>C>A 0 34 14
13 2 10,15 0 ] 1 08 A>C>B 0 ] 0
14 ’ 15 0 n 0 0 A>B=¢C 14 0 0

' wi‘.“‘fe:t of dex:ran on experimental hepatic metastasis in the rabbit.
!

numerable large and small discrete nodules. invalving all lobes,
the amount of tumor was so great in all that thcre was con-
sidered to be no difference between them. Onlv in one set (No.
12) was *h movrrt of tumor in livers of tr - aline and unin-
fused contr s greater than that found in e livers of the
dextran-treated animal. In 2 of the 3 sets in which a non-
dextran-treated member died prior to sacrifice, more liver twnor
was present in the dextran animal than in its sur¥iving control,

W lhiereas livers of all 14 animals injected with dextran con-
tained tumor, 8 of 13 receiving saline and 5 of 12 uninfused
contrels were free of implants. When single or multiple nodules
acenrred in several mmembers of a set, they were usually more
numecrous and/or larger in the dextran animals (Fig. 1, Set 4).
In several groups the difference was striking (Fig. 2, Set 7).

Tu 6 of the 11 complete sets it was judged that the livers of
saline animals had more tumor than did those in uninfused
animals. In 2 gets the opposite was found, and in 3 sets no
significant difference was discernible.

laung metastases were slightly more prominent in the dex-
tran-infused animals. Whereas 43% of those animals demon-
strated such tumor, 309 of the saline-injected and 169% of the
nomniiused controls had metastases. In general, lung tumors
were found in those animals having the most extensive lepatic
involvement with tumor.

None of the ammals in this investigation demon 'rated
anaphyiactic manifestations, Blood pressures were mor tored
in € norrial rabbies vin femoral artery catines~ durin - and
foliowing o hministrtion of dextran in the oeonts e Taved
in these studies, No siguificant alternnion of tiead pe wsure
was observed in any animal, Ilisto.ogie exammnation of fivers
from thes aninads revealed no abnormality,. Sinusoidii con-
gestion was noet present.

DISCUSSION

The present findings in tdae yahbit are cobident with onr
provious viservalions 1 tne Al kal lew molecular weight
dexiran ephonees the incidence and growth of hepatie metas-
tases, and they minimize the possibility that findings in the rat
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were the result of an anaphylactoid response to the dextran.
None of the rabbits in this study exhibited such a reaction.
Other studies reported relative to the influence of dextran
on metastasis formation have primarily been concerned with
its effect on tumor growth in lung. Results have been variable.
While Griffen and Aust (6) noted a decreased incidence of lung
metastases in mice following low molecular weight dextran ad-
ministration, they observed that when mectastases did occur
they were more numerous and larger than in control animals,
Alexander and Altemeicr (2) reported that low molecular
weight dextran had no beneficial effect in preventing metas-
tases in wounds fromn hematogenously disscminated tumor cells.
In fact, “slightly more metastases were found in animals
treated with low molecular weight dextran than in contro!
animals.” Schatten et al. (95 found that clinical dextran (aver- -
age molecular weight 75,000) when given prior 1o V2 tumor
cell inoculation markedly reduced the number of lunz and
liver mctastases and increased the survival time of rabbits. In
their investigations tumor eells were inoculated via the femoral
vein rather than the portal vein which was used in this study.
Moreover, their observation that as many as 809% of control
animals developed liver metastases following inoculation of
tumor cells via a systemic vein has not been our experience in
either rabbits or rats so injected. Liver 1mrtastases under such
cireurnstances have been a rarity. Wood ¢t al. (10), as previ-
ously noted, failed to observe an alteration of pulnonary
metastases i rahbits treated with dextran, and Garvie and
Matheson (5) demoustrated that high molecular weight, as
well as low moleenlar weight dextran, pro:noted the develop-
ment. of lung metastases in rats following intravenous injce-
non of Wulker tamor cclls. The latter investigators, as we,
failed to note any untoward reaction to extiran in rats, but
they conceded the possibility that anaphyluxis may have been
present but unrccognized. Microscopic evidence of increased
cell sediinentation rates suggested to them that dextran affected
the aggregation of tumor cells. They concluded that intra-
vageular agglomeration of these cells with their increased ar-
rest in the lung resulted in thc enhanccinent of metastases.
Previous studies by us (4) employing *Cr-labeled tumer cells
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failed to reveal evidence indicating that the augmentation of
metastases noted with dextran was due to an increase in number
of tumor cells trapped in the liver. This variability is also
emphasized by the comprehensive studies of the cffect of low,
medium, and high molecular weight dextrans on pulmonary
metastases of a varicty of experimental tumors in rats and
mice by Rudenstam (8). These divergent findings may be in
part due to diffcrences in routes of administration of tumor
cells and dextran, loci of metastasis formation, as well as the
species and tumors employed. Other variables, such as effects
of anesthesia, positions of the rabbit, and different lots of
dextran employed may likewise play a role. '

It is of interest that a slightly greater number of metastases
was observed in this study in rabbits infused with saline than
in uninfused controls. We had previously obscrved (3) a rela-
tion=hip between tumor growth and an increase in circulating
blood volume resulting from the administration of low molecu-
lar weight dextran, plasma, or saline.

These studies further emphasize -the importance of local
(“soil”) factors in considering metastatic mechanisms. They
also emphasize that the findings in one model system utilized
1o obtain information relative to metastases in one organ
(lung) are not necessarily applicable to that of another (liver).
Despite the mechanism involved, the finding of increased
hepatic metastases following dextran administration in two
species suggests that employment of these agents during or
after surgery for neoplastic disease may be unwise.
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Tig. 1, Set 4. Effect of dextran on hepatic melastasis in the rabbit.
Fig. 2, Set 7. Effect of dextran on hepatic metastasis in the rabbit.
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- 'Wmﬂ)wm ‘meetastases iN°a symgeneic tumour-host systerr in mice. When
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Imanary ‘mesasiases, without significamtly changing the planimetrically estimated
'ml liver M&tases. Whem, on the other hand, the same volume of LMD was
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can alter metastasis formation by changing the
tumour-cell surface. Special attention was paid
to any effect of LMD on the tumour-cell viability.
This was checked with dye exclusion and subcu-
taneous transplantation of a critically small cell
dose (Hagmar and Norrby, 1970). A possible
action of LMD via tumour cell aggregation
(Garvie and Matheson, 1966) was also considered.

MATERIAL AND METHODS

The experiments were performed with sarcoma
MCG1-SS (Mellgren er al., 1966) in syngeneic
CBA mice. The ‘tumour celi suspensions were
prepared under sterile conditions by trypsin and
DNase (Boeryd er al., 1965). To obtain mono-
disperse suspensions and retain maximal viability,
the suspensions were spun down and resuspended
in Parker 199 medium supplemented with 109
syngeneic mouse serum (Parkery,-ssrum,o) plus
0.6 mg per ml DNase (Norrby et al., 1966). To
the same end the suspsnsions were always stored
at 0°C (Knutson ef al., 1971). The cell counts
were performed in a haemacytometer. At least
forty fields (1/160 mm?) were counted from each
sample.

\

Dye exclusion and aggregability tests '

Cell suspensions were diluted with Parkerye
serum,, to about 10® cells per ml. After ac-
curately assessing the cell number by renewed
counting, 1 ml of the suspension was transferred
to a 10 ml sterile, unsiliconized glass tube con-
taining | mi of 10%; LMD in saline (Rheomal
rodex, Pharmacia, Uppsala, Sweden); mean
molecular weight 4x10%. One ! of the same’
cell suspension was added to 1 ml saline as a
control. The sealed tubss were stored on ice qud
shn*en gently by being turped upside down!
five times eyery 15 min. Samples for opunting
were taken immediately after shaking. After 1 and,

2 h the Trypan blue dye éxclusion test-was per- ¢
formd on samples from the two typq,pf sups’’
petisions. The viability index was calculated as
thenumber of unsn;ped cellsfthie total immbc
of colha, After the 2 t the suspensls

fixed by adding 42 buffered formaldehya 108,
final . concentration vof 04%. Such fixation -
m ?be dune d

Norrby i
‘o figgd cell,
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cdl number the dilution induced with formalin
was corrected for. Differences in cell number
were calculated in peroentages. '

Subcutaneous transplantehility.

To test the transplantability of MCG1-8S cells
after exposure to 5% LMD three experiments
were performed :

Experiment 1: Suspensions with and without
LMD in Parker 45-serum, containing 10* cefls/ml
were stored on ice for 2 h, and gently shaken as
described above. One tenth ml of each suspension

. was injected subcutaneously into both groins of
12 adult CBA mice. To gbtain an exact dosage a
100u! syringe was used.,’

Experiments 2 and 3: These experiments were
identically designed but performed consecutively.
Suspensions with or without 5%, LMD, con-
taining 10° cells/mi, were stored on ice for 2 h as
above. From each suspensions 0.1 m] was injected
bilterally into the groins of six mice. Six mice
served as additional controls, being injected
bilaterally with the LMD-free suspension after
having received 0.05 ml 10% LMD in saline
subcutaneously in the neck.

The animals were examined daily for the
development of palpable tumours. The tumour

“takes in each groin of the same animal were
registered separately. The obsérvation period was
21 days in experiments 1 and 2, 19 days in experi-

“ment 3. At these times the animals were killed
and resulting tumours weighed. The incidences
of tumours were compared with chi-square
analysis and tumour weights with Student’s t-test.

Metastasis study .

. The expenmental plan is shown in Table 1.
Suspensions in Parker ,;-9erum, with and without

5% LMD were injected into a tail vein. "Each’

animal received 0.1 mi of suspensions containing
5 x 10% cells/ml xmmedutdy after the 0.1 m! of
... LMD or saline given as intravenous pretreatment.
The period of observation was 15 days. The
mice sere sectioned and gross metastases noted.
~The Jungs and livers were prepated for histo-
~jogichl” examination as described by Boeryd
(1965). The number of metastases per cm? tissue,
“their miean volume in mm?®, and their total volume

“4n per cent of organ tissue were plammtxu!ly'

atimuwd(soeryduaf 1966). ., .

oompre differences between groups in tlu

L SERRRRMCETITIONE I e e o

Wilooxbn's two-sample Tank test was uled"no :
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. Wmn’ﬁmﬂlm - Experiments 2 and 3: The tumours developed

‘ﬁwwmmm byﬁ somgwbat carlier in experiment 3, causing
' The mian Sumbers ofw spontaneous death“6f one control mouse and
- MWMM‘Q two mice recsiving LMD-containing cell sus-

d provilius (WMW”} ‘pensiqn. This necessitated the termination of this

M o m“ qm. _').“* experiment on day 19. Differences obtained wers
wm PE -vm ‘similar in the two experiments, however,
A 5., X . & mnﬁg ‘the demonstration of the combined’
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e PR .

R S ‘ *g:-"-; “ThE:tumour development began ﬁrst from
ity MM oo . "’LMD-cxposed cells. Animals receiving the same
% decligé in celf'\vhbﬁty in LMD~ doseof LMD subcutanccusly apart from the cells
ox control m accordidg to . 500N caught up, however, and the final tumour
“w.mmmzhnaﬁof ‘indilence ‘became_ similar in these two groups,
g C@m?mmﬂyanmﬁ- gregter than in the controls (p <0.05). The tumour.

g cell ember, stinilactn the two .. weéights became greater when LMD was given,
jort ions. ‘&ﬂufﬁommah + with the cells than when it-was given scparatelfl”

' ‘,OwS) In. this respxct the tontrols ware

g«f*v’"ﬁ“"w "

¥ incidence, oumber, and focation. of
1.3 5mstrnimxwv.myrmnamqsim:nlmynln

whik*”'whnonary and hepatic mmu q'
= forinTabi.IV “ o k3

}
K

- lz':zé:\;hug turqpurﬂu




i .G i

-l

TR .

d

-
ek

»lungs and fiver there were only minor, numerical
zmdeviations from the controls, without statistical
-~ significance.

LMD, when present in the cell suspension
(Group 1II), increased the total incidence of gross
extrapulmonary tumour takes compared to the
controls. The mean number of extrapulmonary
metastases was greater than in the controls
(p <0.001) and than in Group 1I (p <0.01). In the
lungs there was a significant increase in the total
volume of metastases and their number tended
to be larger (0.15<p <0.10) than in the controls.
Liver metastases showed no statistical deviations
from controls with p<0.20.
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©® Number of tumour takes’ and tumour weights

{+SD) sfter: transplantation subcutaneously
- 100 MCG1-SS cells in 0.} ml medium. The cell sus-
jons in Parkers-scrum,, dituted 1:1 with 10%
(LMD-treated cells) or saline were
stoted on fce for 2 h prior to injection. LMD-

+{ controls teostyed 0.05 m! 109 LMD in saline sub-
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TABLE 111

GROSS METASTASES TO OTHER ORGANS THAN LUNGS AND LIVER AFTER 1V INJECTION ;
OF 5. 108 MCGI-58 CELLS. IF MORE THAN ONE METASTASIS PER ORGAN IN AN ANIMAL, THE TOTAL NUMBBR
OF TAKES IS GIVEN IN PARENTHESES

Group1 Group I' Group Il
Controls (prekxgnm) Gn nl:;:‘e':dou)
No. of mice with metastases . . . . . . . . . . 6/10 /10 10/10 ¢ .
Mean No. of meiastases per mouse 2.1 401 651
Incidence and No. of metastases in:
Subculis . . . . . . e e e e e 3 6(i2) 6(11)
Mediastinum . . . . . . . e e e e e e 1 3 -3¢
MESCRIETY . . . v v T e e e e e e e . 2 2(5) s .
Pelvicfat . . . . . . . . .« .o v 6 (8) 3 7Q00)
Retroperitoneal fat . . . . . . . . . . .. 1 1 34
Skeletalmuscle . . . . . . . . . . . e . 1 4(7) 3(8)
Ovaries 2 2 3 -
Lymph nodes 3 1 3
Kidneys .. R 0 3 s
Adrenals . . . . . . . .. . . o0 0 1 1
Salivaryglands . . . . . . . . . . .. 0 H 1
Uterinecorpus . . . . . . . 0 I 1(4)

1 Signiticant differences from controls (p<0.01).
* Significant differences from controls (p - 0.05).
Levels of significance are not given for the various organs.

TABLE IV

METASTASES TO LUNGS AND LIVER AFTER 1V INJECTION OF $x 10* MCG1-83 CELLS

To lungs To liver
G M Mea Pe M Mean h«dz
roup Incidence voI:l.Y:‘e. numb:r lum::e Incidercs turme b
mm? petcm®  organ mm* percm’® organ
1 Controls 710 0.26 59 1.5 $/10 1.1 14 1.6
Il - LMD (pretreatment) . . 810 0.38 55 2.1 5/%0 1.2 13 LS
HI LMD (in suspension) 810 0.23 135 kR 8/10 1.2 18 22

' Signiicant differcrae from controls (p - 0 OS).

in rats, with or without preceding trauma (Gelin
and Rudenstam, 1966 Fisher and Fisher, 1966;
Garvie and Mathewon, 1966 Rudenstam, 1967),

Results in rats are hard to cvaluate, how-
ever. because of the ™ anaphvlacioid reaction”
towards dextran, which may occur in’ that
species.  This reaction involves an  increased
capillary permcability with peripheral ocdema
and hacmoconcentration which  per s¢ may
influence the fate of the injected tumour cells

238

(Fisher and Fisher, 1966, 1968; Rudenstam, 1968).
In spite of this, Fisher and Fisher (1966, 1968)
consider the plasma volume expansion due to the
colloid osmotic pressurc of dextran as a major
factor among the systemic effects which lead to
an increment of metastases. Gelin and Rudenstam
(1966) suggested that LMD might improve the
nutrition of tumour cells caught in white thrombi
by increasing the capillary blood flow. Among
other systemic effects of possible importance, an



 alisration of the intimal surface by doxtran’
- (Bloom et al., 1964) and: an interaction with

the RES (Fisher and Fisher, 1966) have boen
discussed.

In rabbits, which are free from the * anaphy~
lactoid reaction ", conflicting results have been

obtained with the V2 carcinoma, perhaps because .

of variations in the experimental design. Wood
et al. (1967) were unable to influence V2 meta-
stases with MMD (mean molecular weight
dextran, M = 7x10%) or LMD but performed
the treatment exclusively after the tumourcell
injection. Schatten et al. (1965) claimed a reduc-
tion of V2 metastases in MMD-treated rabbits.
The effect was more pronounced with treatment

before than after the tumour cell injection. Mixing -
the tumour cells with MMD before injection

lessened the reducing effect on metastases. Fisher
and Fisher (1968) obtained more V2 metastases
in animals pretreated with LMD when the
tumour cells were at the same time suspended in
LMD. ’

Thus, there are some indications from studies
in rabbits that dextran may augment metastasis
formation by affecting the tumour. cells directly,

PTG S e metcAl WIS DRI AN WITRITARE i et W
S 7 o e T - ; . '

present study there was no indication whatsoever
that LMD aggregated MCG1-SS cells in a serum-
containing medium.
The present study instead offers some evidence
that LMD may increase metastasis formation by
“an altered transplantability of the tumour cells,
For there is a striking parallelism between the
ways in which LMD affected tumour growth from
intravenously and subcutaneously administered
tumour cells.

When MCGI1-SS was transplanted subcu-
taneously in a critically small cell dose, LMD

pretreatment of cells increased not only the .
number of tumour “ takes ", but also the volumes .

of resulting tumours. A similar increment in
frequency of takes was obtained by giving the
same dose of LMD as systemic treatment. This
type of treatment, however, if anything reduced
the weights of resulting tumours. These findings

- seemn to indicate that systemic effects of LMD,

apart from direct effects on the tumour cells, may
play a role in the survival of the cells in the
animal host. A direct cell effect must also be

intravenous metastasis indaction, and the aggre-
gation took place in a scrum-free medium. In the

The present study in mice offers further evide _operative, however, promoting the growth of
in this direction, since there was an increase of ~tymours.

the total volume of pulmonary metastases from ° The nature of this hitherto undescribed effect
LMD-exposed cells compared to controls. Iny of LMD in a syngeneic system remains as yet &

addition, there was a funh.er increas.e of ‘mtl: * matter of speculation. Jt may offer a clue, how-
extrapulmonary metastases in comparison to ‘ qver, to the ingly paradoxical in of

increfment obtained with the same dose of LMD “metastases found in several systems, although it '

given as intravenous pretreatment. - e o Gﬂm with a decressed transplantability of
" The results of course may be interpreted in * V2 carcinoma in rabbits (Armstrong and Cohn,
terms of & promoted lodgement of tumour cells . 196§ and an impaired ctdl growth in vifro in.
in vessels. Thus LMD might, irt dystenilcsreats  dexigin-cowtaining medium (Powell.1961). Nor
* ment and still more by pretreatment of cellfs- was it-reflocted in the viability index by dye -
‘promote the sticking'of tumour cells &t stef  qxclusion in'the present study. Thsis is admitiedly
wherg they are able 0 grow into metastas. . ¢ very crude method of asessing cell viabibity.
- Analogies with other.cell types such as drythro- .. The discrepancy between the two ways of testing
. cyté¥ und thrombocytes, to which LMD seems i ‘trimour-cell vitality might, however, refiect. that
_“confec &higher negitive surfgos charge (Beamant - js i rolation te the host and not unspecifically
et al.¥1963) and réduced adhesivepsss (Bypden®ka . that LMD fayonrs the survival of the tumour
et gl 1966; Richter, 1966) make such an intér- . colid, Defapse mechanigs of tho host such &
. préfetii ratter dnlibely, bowevehy . - " phagacytesis might for instance be affected.
: 3wl ‘and, Mutheson (1966) suggesied tig. ~ Ima mechanisnns are likely to play &
igiigped tdnour-ceft wappiog would result from  minorrole-fn the-survival of transplants from a
. iipfewascular tumoutsgell aggregition by LMD, serially transplanted tumour such 8 MCQG1-SS
This dhplanatign reniigins ehtirely hypothetical, .. in sygensic hosts. 1t cannot be excluded however:
ogpvep, gven ja thelspwa sysgn. For §.coR: that mby chenging the tumour-cell surface,
S Scentration wasaiied 30 Maay i in some phase of an, Bibeit gheak,
; ,. ) y was.uoed foF o immunological defence reaction. The ‘esults,

.
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Carcinogenic Studies on Water-Soluble and Insoluiale
Macromolecules

W. C. HUEPER, M.D., Bethesda, Md.

Numerous experimental investigations of
the past decade have established the fact that
various synthetic and semisynthetic, water-
insoluble carbon and silicon polymers elicit
sarcomas in rats and mice at the site of their
subcutaneous or retroperitoneal implantation
(Table 1) .12 *Fxperimental studies of more
recent years -have shown that this property
is shared by two water-soluble carbon poly-
mers, namely, polyvinylpyrrolidone (PVP)
and carboxymethylcelluiose, when paren-
terally introduced into rats. Sarcomas de-
veloped at the site of their repeated
subcutaneous injection in an aqueous solu-
tion, while reticulum-cell sarcomas of the
iver and peritoneal lymph nodes repre-
sented the main neoplastic responses to the
subcutaneous and intraperitoncal deposition
of PVP in powdeér form or after its re-
peated intravenous introduction in saline
solution into rats and mice 2430

"The target organs of carcinovenesis from
water-soluble carbon polymer. are under
these conditions the tissues in which the
macromolecular material is retained and
stored and in-which according to: previous
observations with these and other water-
soluble synthetic, semisynthetic, and natural
carbon polymers (polyvinyl alcohol, methyl-
cellulose, pectin) a marked proliferation of
reticuloendothelial cells and histiocytes ac-
companies the striking storage phenomena

Submitted for publication Oct 31, 1958.
National Cancer Institute.

-tal “polymer cancers”

as well as the arterial atheromatosis devel-
oping after the parenteral administration of

" these colloids.>32 These proliferative and

thesaurismotic reaciions involving in part
also the parenchymal cells of the liver,
kidney, and brain and elicited by nonphysio-
logic macromolecules bear a close resdm-
blance to those present in a number of
spontaneous thesaurismoses which are char-
acterized by the retention of lipoids,
polysaccharides, mucopolysaccharides, and
proteins of normal and abnormal types and
of which some are associated with the oc-

" currence of benign or malignant neoplastic

lesions. Such physiologic thesaurismoses
with neoplastic characteristics or complica-
tions are the various lipoidoses, such as
essential xanthomatosis; Gaucher’s disease:
Niemann-Pick disease; the myocardial gly-
cogenosis often accompanied by tumors of
the brain, skin, and kidney; the mucopoly -
saccharidosis known as gargoylism; the
microproteinosis asscciated with myeloma-
tosis, and the megaloglobulinosis of Walden-
strom frequently associated with cancers of
various organs but particularly those of the
reticuloendothelial system. The experimen-
developing around
the various synthetic and semisynthetic
carbon and silicon polymers exhibit more-
over a definite relationship to the pulmonary
cancers induced in human lungs by the re-
tention and in the vicinity of inhaled asbes-
tos dust, which is a silicon oxide polymer.
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TanLe 1.—Carcinogenic Macromolecular Carbon
and Silicon Polymers

Name Doseription Investigators

1. Watcr-Insoluble Polymers

(a) Hydrocarbon Polymers 8ynthetic

Polythene Polyethylene Oppenheliuer et al.,
Druckrey et al.,
Bering & Handler
Lucite Poly methylmetha- Oppenhelmer ot al.,
erylate Laskin et al.,

- Zollinger
Polystyrol Poly vinyibenzol Oppenhetmer ot al.
Ivalon Cross linked polyvinyl Oppenheimer et al.

glcohol
Dacron Polyester condensate of Oppenhelimer ot sl.
terephthalate &
ethylene glycol
Bakelite Phenol-formaldehyde Turner
condensate

(¢) Halogenated 11ydrocarbon Polymers (Synthetic)

Sarsn Poly vinylene chloride  Oppenheimer et al.
PVC, Igellt,

Vestolit,

Vinnol Polyvinyl chloride Oppenheimer et al.
Teflon Polyfluor (chior)-okefine Oppenheimer &t al.
Pllofilm Polymethylmetha- Oppenbeimer et al.

crylate chloride
Vinyom N, Copolymer of vinyl Oppenbetiner ot al.
Dynel chloride and
acrylonitrile
() Aminised Hydrocarbon Polymers (Polysmides)
Nylon Polyhexamethylene Oppenheimer ot al,
diamioe adipanide
Perlon Poly-e-caprolactam, Druckrey et ol.
polyurethane
(d) Hydrocerbon Polymers (Bemisynthetic & Natursl)
Rubber Processed latex gum Druckrey et al.,
Mecke
Cellophsne Processod polyglucose Oppenheimer ot al.,
(cellulose) Druckrey et al.,
Linen Kdrbler & Frank
Parchment

peper Processed cellulose Oppenheimer et al.
8ilk Oppenheimer et al.
Koratin Oppenheimer et al.
Ivory Nothdur{t

{¢) Siiicon Polymers
Silastic Polydtmethylsiloxane Oppeabelmer ot al.,
processed (silicun Mobhr &
rubber) Nothdurft

11. Water-8oluble Polymers

PVP Pblyvlnylpymlldone Hueper

Lusky & Nelson

OMC, Collocel Carboxymethyleellulose Lusky & Nelon

Tween 80 Polyoxyethylene sor- Lusky & Nelson
bitan monostearate

The discovery of polymer or macromolec-
ular carcinogenesis has created important
and urgent scientific as well as practical
problems. A major controversy has devel-
oped concerning the type and the specificity

14/590
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of the causative mechanism active in the
development of these  polymer cancers.

‘Some investigators (Druckery, Hueper)

favored the view that specific chemical or
physicochemical properties of these macro-
molecular agents arc¢ responsible for and
active in the carcinogenic process. Such
qualities may be related to specific end-
groups, to macromolecular peroxide
cross linkages, to metabolic fragments or
molecular chemical abnormalities, to residual
valencies, to trapped free radicals, to com-
plex formation with protein or mucopoly-
saccharides or with their building stones or
to their molecular size and shape, or to the
presence of impurities, such as traces of
the catalyst used in their production (Had-

dow, Fitzhugh). Other workers (Noth--

durft, Oettel, Oppenheimer et al.) have
concluded that the great chemical diversity

of the polymers involved in carcinogenesis .

and the apparent dependence of this prop-
erty upon the absolute size of the implants
and upon the size of the unbroken surface
of the implants of water-insoluble polymers
and on their physical status—i. e, film,
disk, fabric, thread or powder—militates
against a specific chemical causal mechanism
of polymer carcinogenesis. They have ad-
vanced the concept that the carcinogenesis
of the polymerized substances depends upon
their ability to elicit in the tissucs the forma-
tion of a fibrous capsule from which in turn
as the result of chronic nomspecific irrita-
tion and therefrom resulting continued cel!
proliferation sarcomas originate on a multi-
centric basis. The tendency toward the
formation of a fibrohyaline capsule depends
chiefly, according to these investigators.
upon the physicai status of the polymer.
being most marked when polymers are im-
planted as films and being least developed
whén the polymer is present in powder
form. Polymer carcinogenesis, according to

" this concept, is a nonspecific physical phe-

nomenon, which is, in the opinion of its
supporters (Nothdurft, Oppenheimer et al).
essentially analogous to the sarcogenesis ob-
tained around disks of certain metals follow-

Vol. 67, June, 1059



CARCINOGENIC STUDIES

TasLx 2—Carcinogenic Metals and Mineral Foils

and Powders
Name Description Investigators
Mica Metal silicates Oppenhelmer et al.
Glass ? Metal silicate Oppenbeimer et al.
Quarts Silicon oxide polymer Druckrey et al.
Asbestos Metal silicon oalde Druckrey ot al.
polymer
Mercury Druckrey et al.
Stlver Nothdurft
Gold Nothdurft
Platioum Nothdurft
Stainless stee]l  Alloy of nickel, Oppenheimer et al.
chromtam, iron
Steel Oppenheimer ot al.
Tantalum Oppenhcimer ot al.
Vitalltum Alloy of cobalt & Oppenheimer ot al.
chromium
Beryltlum Barnes et al,,
. Gardner; Dutra
ot al.
Nickel Hueper
Curomiam Hueper, Behin:
Cobalt Heath, 3chinz
Uranium Hueper

ing their implantation into the subcutaneous
tissue of rats (Table 2) 3339

Apart from the distinct scientific impor-
tance which thesce two divergent concepts on
polymer carcinogenesis possess, they are
also of immediate practical significance,
since they must influence the carcinogenic
screening techniques applied 1o polymers,

as well as the assessment of possible car-’

cinogenic hazards connected with exposure
to the same polymer when present in differ-
ent physical states and when incorporated
in or in contact with consumer goods or
when introduced into experimental animals
or man by various routes.

The second and practical problem of
major importance resulting from these ob-
servations on polymer carcinogenesis is
closely linked to their use in the human
economy. Water-soluble and insoluble mac-
romolecular polymers of various types are
being introduced into the human environ-
ment to a rapidly increasing degree and are
being employed in numerous consumer
goods, such as medicinal and cosmetic prep-
arations, medicinal protheses, food and
medicinal containers, packagings and coat-
ings, household and sanitary goods, paints,
dinnerware, and clothing. The human popu-

Hueper

lation, therefore, has irequent and intimate
contact with polymers. The observations
made on experimental animals, therefore,
raises the question whether or not carbon -
and silicon polymers coming in contact with
human tissues by various routes and in
different forms may have a carcinogenic
effect also upon man. Because of the possi-
bility of a potential carcinogenic hazard to
man posed by previous studies on polymers,
a greatly extended experimental study of
carbon and silicon polymers for elucidating
the chemical and physical properties under-
lying their carcinogenicity and their carcino-
genic mechanism was urgently needed.

Experimental Procedure

The experiments to be reported were conducted
for thesc reasons om various water-soluble and
insoluble carbon and siticon polymers. Ten PVP's
were tested. Of these, four were of technical grade
and three were of medicinal type, while three
others were specially prapared for this study by
American and German manufacturers. These three
PVP's had a rather lovr average molecular weight,
ranging from 10,000 to 23,000. Two of them,
moreover, had a narrow molecular weight range.
The average molecular weights of the entire PVP
series ranged from approximately 10,000 to about
300,000. Six of them were made in Germany;

-three, in the United States, and one, in Great

Britain. Diffcrent catalysts were used in their pro-
duction, depending upon the manufacturer.

In an additional experiment, a polvvinyl alcoho!

" preparation of American make and with an average

molecular weight of 120,000 was used.

A third serics of experiments comprised the
testing of various polyglucoses. Eleven different
dextrans manufactured by an American pharma-
ceutical concern and by the Regional Laboratory
in Peoria, I, were used. These dextrans not only
varied in molecular weight which covered a range
between 37,000 and several million, but they differed
among each other also in regard to their molecular
shape. Some consisted of linear molecules, while
others showed varying degrees of branching and
thus had an almost globular shape. Other poly-
glucoses tested were a brand of methylcellulose
with an average molecular weight of 140,000, an
ethylcellulose of rather low molecular weight, and
a soluble starch.

In addition to ethylcellouse the water-insoluble
polymers studied were as follows: 1. Silastic,
which is a processed polymner of dimethlysiloxane.
This is vulcanized by the addition of 24-
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TaBLe 3—Carcinogenic Tests on Macromolecuiar Substances—W ater-Soluble Polymers

Dose, Mg.
Average Antroals,

Chemical Type Mol. W, Route Bingle Total Species No.
PVP1 Technical 20,000 Subcut. 200 0 ©57bl. mouse 50

PVP2 30,000 Powder
PVPS 50,000 Intraper. powder 200 200 C57bl. mouse 50
PVP4 300,000 Subcut. powder 500 500 Beth. bl rat 0
Intraper. powder 800 808 Beth. bi. rat ]
Intraven. 1% sol. 185 1458 Beth. bl. rat 18
Intraven. 7% sol. 2,500 23,00 Duteh rabbit o]
PVP S Medicinal 50,000 Intraper. 1,000 15,000 Deth. bl. rat 0
PVP7 30,000 0% sol. 2
Intrewean. 3,500 56,000 Dutch rabbit [}
7% sol. 3,%0 83,000 Duteh rabbit ]
Subewt. pewder 200 200 Beth, bl. rat 0
Sabeat. Rep. powder 200 600 Beth. bi. rst 0
Plasmosan 50,000 3.5% vsol. 1,700 13,600 Duteb rabbit [ ]
PVPS Speeiat 10,000 Bubcut. 200 %0 C57bl. mouse 0
Powder 500 808 Beth, bi. rat 2
Intraper. 00 200 Ch7bl. mouse ]
Powder 800 300 Beth, bi. rat 20
PVP K17 18,000 Intraper. 500 3,000 Beth. bl. rat |
PVP K25 23,000 239, sol. 6,25 63,500 Dutch rabbit [ ]
Polyvinyl alcobol  Technlcal 120,000 Subcut. powder 500 500 Beth. bl. rat k1]
Methylcellulose Technical 140,000 Bubeut. powder 800 500 Beth, bl. rat 25
Soluble starch Technieal Bubcut. 4% sol. 800 803 Wistar rat 0
Intraper. ] 500 Wistar rat )
Dextran 1 Linesr 200,000 Bubeut. 200 0  C37bl. mouse ©
Dextran 2 Linesr 100,000 Powder 800 500 Beth. bl. rat %
Dextran 8 Branched 7,500 Intraper. 200 200 C57bl. mouse 2
Dextran 9 Braonched 300,000 Powder 800 300 Beth. bl. rat 2
Dextran 10 Branched 80,400 Intraven. 1,750 17,500 0 Duteh rabbit 4

33,500

Dextran 11 Highly br. V400 7% sol.
Dextran 3 Sev. million  Sabewt. 200 200 C57b1. mouse ]
Dextran 4 Linear 75,000 Subeut. 200 200 C57bl. mouse 0
Dextran 8 Highly br. Suboent. 200 200 C87bl. mouse =
Dextran 6 Highly br. Bobheut. 200 200 C57bl. mouse 3
Dextran 7 Highly br., SBubout; powder 200 200 Csol. mouse [ ]

dichlorbenzoyl peroxide. Through the action of
this chemical on the latex the dJimcthylsiloxane
polymer molecule is altered from . straight linear
molecule into a net molecule beciuse of the for-
mation of numerous cross linka-cs between the
macromolecular chain molecules. Tl.c average molec-
ular weight of the thereby rosulting silicone
rubber ranges from 300,000 to 400.000. The rubber
contains, moreover, as a filler and plasticizer, a
specially preparcd and very pure silicon dioxide,
which in the silicon rubber takes the place of
carbon black used in the manufaciure of natural or
synthetic carbon rubber. 2. Polyethylene. 3. Poly-
urethane (Mondur TD-80), which is a modified
polymer of tolylene-diisocyanate.

Pertinent data relative to the various macromo-
lecular substances used as well as information on
the general scheme of experimental investigations
applied are presented in Tables-3 and 4.

16/592

The various water-soluble macroniolecules were
investigated for carcinogenic properties by admin-
istering them in single or repeated doses either as
powders or as aquecout solutions through subcutane-
ous, intraperitoneal, and intravenous routes so as
to determine the possible role which differences
in cliemical composition as well as in molecular
size and shape might play in bringing about these
responses. The water-insoluble polymers, on the
other hand, were studied for ascertaining whether
differences in the physical state of these substances
—i.’e,, whether their presence in the form of cubes,
balls, sheets (disks), films, sponges, or powders—
is important in determining the occurrence and
degree of cancerous reactions to parenterally im-
planted water-insoluble polymers. Rabbits, rats,
and mice were employed for obtaining information
om the species-specific character and range of such
manifestations,

Vol. 67, June, 1959
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Tame 4—Carcinogenic Tests om Macromolecular Substances—W ater-Insoluble Polymers

Doss, Mg. |
Average Physical - Animals,
Chemical Type Mol. W, Route Bingle Total State Specios No. .

Ethyloellulose Technical Low Subeut. $00 500 Powder Beth. bl. rat 23

viscosity

Polyethylene Iatraper. a5 ] Cube 3.5%X3.3X3 mm. Beth. bl. rat »

s 65  Bheet 0.5 mm, thiek, Beth. bl. rat 0
disk 12 mm. diam.
(1] [ ] Film 10X17.5 mm. Daeth. bl. rat t 4
‘ [ ] 88  Powder Beth. bl. rat »
Polyurethane Subeut. [ ] [} Sbeet 2mm. thick Beth. bl. rat »°
. 3 disks 3mm, Sam.
diam,
") 63  Sponge 25X(20X3 mom. Beth. bl. rat ]
] 6  Powder Beth. bl. rat ]
Intraper. ] 63  8heet Beth. bl. rat »
[ 88  Bponge Beth. bl. rat »
[} 85  Powder Beth. b, rat 0

Polydimethy!- Jigh Subeut. 300 300  Ball Beth. bi. rat »
siloxane (latex) viscosity  Intraper. 200 300  Ball, 5 mm. diam. Beth. bl. rat 0
(gum)

Polydimethyl- Subcut. 300 00 Cubs Beth. bl. rat 0
siloxane rubber Intraper. 00 300 Cube Bath. bl. rat 0
(Sllastic) 5 mm. dlam.

Siltea Subeut. 800 300  Powder Beth. bl rat 0

Intraper. 00 30  Powder Beth. bl, rat 0

The aqucous solutions of the polymers used
were preparcd with isotonic saline and were auto-
claved for insuring their sterility. PVP (Plas-
mosan), as well as the solutions of PVP K17 and
PVP K25, was supplied in ampules. The maximal
observation period for mice and rats’ was two
years; for rabbits, up to four years. All survivors
were killed at the end of this period. Autopsies
were perforned on all animals. Histologic ex-
aminations of the tissues were made on all animals
exhibiting grossly demonstrable pathologic changes
or on at lcast 30% of animals of each scries re-
gardless of the prescrice or absence of such lesions.
The organs of all rabbits were studied histolog-
jeally. Normal untreated animals of the same strain
and animals given parenteral implants or injections
of various noncarcinogenic vehicles (wool fat,
gelatin, tricaprylin) or test chemicals served as
controls. They were permitted to live for the
same length of time as the aninals of the ex-
perimental series and werc used for determining
the type, age, and site distribution of spontaneous
tumors.

The neoplastic lesions observed among the ani-
mals of the different test series in relation to
the species and polymers used and the routes of
their administration employed are listed in Table 5.

Experimental Observations

In the assessment of the relative signifi-
cance of the cancers observed in the various

Hueper

experimental series in relation to the differ-
ent polymers admiristered, the following
criteria were considered:

(8) The absolute and relative number of
cancers in a specific test series.

() The number of animals in a partic-
ular test series.

(¢) Thc degree of uniformity of nen-
plastic response in several test series in
which the same polymer was given to the
same species by different routes.

(d) The degree of uniformity of neo-
plastic responses in test series in which
different species were employed and to
which the same polymer was administered.

(¢) The topographical distribution of
cancers in specific organs and tissues and
their histogenctic types in their relation to
the sites of retention and/or storage of the
polymer introduced, i. e., the identity of the
site of the implanted or stored polymer with
the site of the subsequently developing pro-
liferative hyperplastic and precancerous le-
sions and cancers. l ’

(f) The rclative frequency of spontane-
ously occurring cancers of the same type
and site in control series of normal untreat-
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Tastx S—~Nenplastic Reactions in Mice, Rats, and Rabbits Followin,
e T R T R S ST e o

m RS s S e o e

Des & Types
Lymph ;
Nodes Liver Lung ‘
Heart  Breast
-
- £
Chemical g g E
Molecular Routs No. : g
Welght Admin.  Bpesles  Animals L] x 3 2
PVP1 Bubeut. Mouse 50
In. per. 50
30,900 BSabeut. Rat 0 [} ]
In. per. » 4 1
In. ven. 15 1 1
In. ven. Rabbit (]
PVP2 Eubeat. Mouse 50 3
’ In. per. 50 1
20,000 Subeut. Rat 0 ]
In, per. 0 1 1
In. ven. 18 1
In. ven. Rabbit 4
PYPS Subcut. Mouss 5
1n, per. 50  §
50,000 Subeut. Rat 0 s 3 1 ]
In. per. 1 1 [
In. ven. 15 3
In. ven. Rabbit 3
PYP4 Subeut. Mouss 50 1
In, per. 50
$00,000 Bubeut Rat 0 [ ] ]
In per. 0 [ ] 1
In. ven. 18 3
In. ven. - Rabbit 2
PVP S Subeut. Mouse 0
10,000 In. per. 30 1 t
Subout. Rat f 3
In. per. 20 1 1
PVPSC In. per. Rat 20 Upfintshed
Subeut. Rat 30 [ 1
30,000 Rep. sbo. 30 1 3
In. ven. Rabbit [
PVP? In. per. Rat 30 Unfinbed
20,000 Subcut. Rat 30 ] *
Hep. sbe. 30 3 1 H
In, ven. Rabbit ]
Plasmosan In, ven. Rabbit [}
50,000
PVP K17 n, per. Rat 35  Unfinihed
18,000 Tn. per. Rabbit 6
PVP K38 1n. per. Rat 35 Unfinished
-23,000 In. per. Rabbit [
PVA Subcut. Rat % 1 4 { 2
120,000
Methooel Subcut. Rat 23
140,000
Dextran 1 Sulwut. Mouse 40 1 1 H
200,000 In. pet. 20 1
Subcut, Rat 0 | 1 2
1n. per. b 1 2
in. ven. Rabbit 3
Dextran 2 Subcut. Mouse 40 - 1
100,000 In. per. 20 4 2
Subeut. Rat 20 1 1 1
1n. per. 20 1 2
In. ven. Rabbit 3
Dextran 3 Subeut. Mouse 35 1 1
Bev. million -
Dextran 4 Subeut. Mouse 30 1 ‘
75,000 .
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TABLE 5.—Neoplastic Reactions in Mice, Rats, and Rabbits Following

s

o roenemas ———

Bites & Types

Lywmph
Nodes

Liver Lung

Chemical
Molecular Route ' No.
Welght Admin., Bpecies Anlmals 3
Dextran § Bubeut. Mouse -
H. Br.
Dextran 8 Subeut. Mouse 13
H. Be.
Dextran 7 Bubeut. Mouse [}
H. Br.
Dextran 8 Bubcut. Mouse 40 1
37,000 In. per. 0 1
Bubcut. Rat 0
In. ven. Rabbit 3
Dextran 9 Bubeut. Mouse L
300,000 In. per. 20 1 1
Bubeut. - Rat 20
In. pet. 20
. In. ven. Rabbit 3
Dextran 10 Bubcut. Mouse 40 )
89,400 In. per. ».
Subcut. Rat 20
In. per. 20
In. ven. Rabbit 3 1
Dextran 11 Subcut. Mouse ®
71,400 JIn.per. 2
Bubcut. Rat 2
In. per. 20
: : In. ven. Rabbit 3
Starch Bubeut, Rat 20
I, per. . %
Fth. oel. Subeut. Rat ]
Silastio Bubeut. Rat 30
rubber Int. per. 20
Polysil. latex Bubcut. Rat 2
Int. per. 30
Sllica Bubcut. Rat 45
Int. per. 0 -
Polyurethane Bubcut.; 6X30 Unfinished
int. per.
R daisk; .
sponge; L
powder '
Polyethylene Int. per. . Unfinkhed
cube; disk;
fllm 4X30;
powder
Normal controls - 20
Treated controls Mouse 840

Heart  Bromst

Phrd]

} I8
1
1 ' 1
1
] ]
2
4
1. 3 1
1 2
1
3 i
1
] 1
]
]
] 1
1
] 1 ] 1
1
2 ]
1 1 2 ]
2 1
7 ¢ 1 H
]

ed animals or those treated with noncarcino-
genic chemicals.

When evaluating the data contained in
"Table 4 by applying the above listed criteria,
carcinogenic responses attributable to the
action of the polymer parenterally intro-
duced into mice, rats, and rabbits are present
for the following polymers: PVP 1, PVP 3,

20/596

PVP 4, PVP 5, PVP 6, Dextran 10, Silas-
tic rubber, and PVA. Such a relationship is
probable but not definite for PVP 2, PVP 7,
Dextran 1, Dextran 2, Dextran 5, Dextran
11, Polysilicone latex, and silica. For all
other polymers, aithough some of them be-
long to the same general chemical group
as the ones adjudged to be carcinogenic, the
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a Parenteral Introduction of 1Water-Soluble and Insoluble Polymers—Continued

of Tumors

Skin Owary Adrenal

Kidney —~—~—— Uterus

E

15}

Carcinoma
Cystadgenoma

10

g Total Benign Mallg.
No. % No. L A No. %
3 10 s »
]
1 10 1 10
1 3 1 2
1 4 1 4
4 0 s 10 | 10
0
1 2 1 1
2 10 3 10
3 18 H ] 2 1
13 8 [ ] »
0
3 | 3 ]
4 2 4 ]
8 L] 3 10 [} 0
4 N 1 7 3 13
2 k. 1 ) 1 3
3 1 ] ?
0
3 10 2 10
L} 20 1 ? 3 13
2 L] [}
] » [ ] 2
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e 20 ] ] ] 17
2 10 3 1 17 *
6 0.7 [ ] 0.7

experimental observations failed to demon-
strate carcinogenic properties.

Whenever the cancer rate in a test series
was found to be two to three times that of
the control series, and especially when such
a ratio was present following the introduc-
tion of a particular polymer by several
routes and into scveral specics and when-

Hueper

ever the cancers involved organs and tissucs
in which the particular polymer had elicited
storage phenomena and hyperplastic and
precancerous cellular responses related to
these reactions, the macromolecular sub-
stance in question was considered as pos-
sessing carcinogenic properties. The evidence
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Fig. 1—Fat tissue with giant
cells filled with clumps of blue-
stained matter (PVP) (rat).

underlying these conclusions is presented in
the data listed in Table 5.

The histopathologic findings pertinent in
this respect for the different polymers in-
vestigated are as follows:

1. Polyvinylpyrrolidones—(a) Thesau-
rismotic Reactions: Storage reactions which
were characterized by the appearance of
bluish-stained material representing prob-
ably a PVP protein or mucopolysaccharide
complex in usually swollen cclls were ob-
served in many organs and tissues of mice,
rats, and rabbits, regardless of the nolec-
ular weight of the various I’VP's tested.
The degree of storage reactions depended

A. M. A ARCHIVES OF PATHOLOGY

mainly on the relative amounts of PVP
administered and varied considerably be-
tween different series of animals and be-
tween animals belonging to the same series.
In general they were most marked in rab-

_bits, particularly those intravenously in-

jected with Plasmosan and PVP’s 6 and 7,
i. e, the medicinal PVP’s tested. They
were somewhat less pronounced in rats and
affected least the mice.

TFat tissue at the site of implantation con-
tained often blue-stained phagocytic cells
scattered throughout an otherwise normal
tissue. Occasionally foci of huge multinu-

_ Fig. 2—Meningeal membrane
with foam cells with blue tinted
cytoplasm (PVP) (rabbit).

Vol. 67, June, 1959
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cleated foamn cells with bluish cytoplasm
were found in the fat tissue (Fig. 1),
Massive accumulations of blue matter
containing foam cells were noted in the
meninges of rabbits given PVP 6 and 7
and Plasmosan (Fig. 2). In some animals
this condition was associated with a distinct
increase of histiocytic elements in the me-
ninges. The ependymal cells as well as the
cells of the choroid stroma were usually
balloon-like, had a foamy and often blue-
stained cytoplasm, and formed grape-like
proliferations in the ventricles (Fig. 3).
Groups of multinucleated giant cells were

Fig. 4. -— Choraid plexus with
foam cclls and giant cclls with
smudge-like clumps of blue-stained
matter (PVP) (rabhit).

Hueper
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Fig. 3. — Choroid plexus with
massive proliferation of foam cells
with bluish stained cytoplasm; glia
cells with blue cytoplasm in ad-
jacent brain tissue (PVP) (rabbit).

sometimes present in these masses (Fig. 4),
while swollen and blue matter containing glia
cells were noted at times in the adjacent
brain tissue. In a few rabbits and mice
also glia and ganglion cells of the basal
ganglionic region exhibited a distinct blue
stipling of their swollen cytoplasm. Cells
with a bluish-stained cytoplasm were occa-
sionally found also within peripheral nerves.

The lungs not infrequently revealed clus-
ters of blue-stained foam cells located in
the interstitial tissue. Giant-cell granulomas
often were preseni in pulmonary capillaries
occluding their lumens. The lumens of
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Fig. S—Pulmonary artery with
an occlpding foreign-body giant-
cell granuloma (PVP) (rabbit).

medium-sized and large pulmonary arteries
sometimes contained similar and often large
giant-cell granulomas (Fig. §).

Retention of PVP in the endothelial cells
of the aortic intima of rabbits was not un-
common, producing a blue, bead-like cellular
lining and being associated with an increase
of endothelial cells. Such reactions some-
times resulted in the production of intimal
foam-cell cushions in the ascending aorta,
representing an experimental type of athero-
sclerosis (Fig. 6). Similar reactions were
observed in the aortic leaflets as well as in
the subendocardial tissue. Myocardial infil-
trations with blue-stained foam cells were

24/600
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frequent and were usually most pronounced
in the subepicardial area, where they gave
rise to multiple focal accumulations of blue-
stained foam cells.

Blue-stained matter was often noted in
both liver cells and swollen Kupffer cells,
which not infrequently were transformed

into giant cells. Histiocytic balloon-like
swollen blue foam cells were present in the
periportal tissue, which occasionally was
markedly increased in amount and which
contained giant-cell granulomas (Fig. 7).
Mediastinal as well as abdominal lymph
nodes revcaled at times foci of blue-stained
foam cells. Similar alterations occurred in

Fig. 6.—~Ascending aorta with an
intimal foam-cell cushion contain-
ing bluestained matter (PVP)
(rabbit).

Vol. 67, Juse, 1959
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Fig. 7.—Liver of rat with inter-
stitial fibrosis and clusters of foam
cells and giant cells containing blue-
colored material (PVP).

Fig. & — Clusters of multi-
nucleated giant cells in the splenic
pulp containing blue-stained foam
cells (PVP) (rabbit).
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Fig. 10--Endometrium of rat
with interstitial foam cells and
giant cells which are deeply blue-
stained (PVP).

the spleen, where the pulp contained occa-
sionally masses of huge multinucleated syn-
cytia (Fig. 8), displaying a bluish-stained
cytoplasm. ‘“Lakes” of bluish matter ap-
parently originating from a disintegration
of reticulum cells were often observed in
the bone marrow.

Blue-stained foam cells originating from
capillary endothelium were noted in the
renal glomeruli (Fig. 9). Bluish matter was
contained also in tubular epithelial cells as
well as tubular lumens. The tubules affected
sometimes showed a hyperchromatic cell
lining of syncytial character.

Massive deposits of PV were often
found in the endometrium, where they were
located in clusters of foam cells as well as
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where they were inﬁltrating the intercellular
spaces, thereby coming in close contact with
the glandular epithelium (Fig. 10). Blue-
stained histiocyte< occurred frequently in
the ovarian stroma.

It is evident from the evulence present
that given adequate amounts of PVP this
substance will be distributed diffusely in
the body and will be retained in many
organs and tissue not only in phagocytic
cells but also in the parenchymal cells of
several organs, such as the brain, liver, and
kidney.

(&) Hyperplastic and Precancerous Reic:
tions: Many of the organs and tissues in
which PVP was stored displuyed hyper-
plastic reactions which sometimes assumuid

Fig. 11-—Alveolar adenomatosis
of the lung in a rat (PVP intra-
peritoneally).

Vol. 67, June, 1959



CARCINOGENIC STUDII:’S

. ' W N "4
R A

2 K . -
PR NP R “ (L4 LU TR X NN

b3 MK S o P 2t
G e s
. ) L e e
ST e ¥
4r L3

> 0

metaplastic as well as “preneoplastic” char-
acteristics if standards of human cancerol-
ogy arc applied. The storage of PVP in
ependymal, choroid, and meningeal cells was
always accompanied by marked prolifera-
tions of the cells affected.

Multifocal adenomatosis of pulmonary
alveoli, particularly in the peribronchial
areas, was rather frequently encountered in
rats (Fig. 11). In several rats these lesions
were associated with the occurrence of mul-
tiple cysts lined by a stratified squamous
epithelium and originating apparently from
bronchial structures (Fig. 12). The pleura
as well as the epicardium and endocardium
of rats exhibited focal proliferations of
closely packed hyperchromatic oval ceils.
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Fig. 13—Focal Kupffer-cell pro-
liferation in the liver of a rat ;‘:’.{.:Of
(PVP. subcutancously). . ve

Hueper

Fig. 12.—Bronchiolar cyst lined by
a stratified squamous-cell epithelium
with peribronchiolar adenomatosis
in a rat (PVP intraperitoneally).

which displayed a tendency to invade the
underlying tissue and therefore became sus-
pected of possessing potentially malignant
properties or of representing actually early
cancerous manifestations. :
Similar diagnostic difficulties were met in
assessing the potential and actual biologic
character of the focal as well as diffuse
proliferations of Kupffer cells -in liver.
These cells possessed sometimes a foamy
cytoplasm, at other times they represented
round or oval cells arranged often in ill-
defined nodules or trabeculae (Figs. 13 and
14). Decisions concerning the benign or
malignant nature of some of these reactions
were by necessity sometimes of a rather
arbitrary nature. The spleen and lymph
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Fig. 14.—Focal Kupffer-cell pro-
fiferation of foam cell type in a
rat (PVP).
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nodes showed in some animals marked pro-
liferations of reticulum .cells and an occa-
sional loss of follicular structure. v
A marked glandular hyperplasia of the
_ endometrial glands frequently assuming the
character of a massive adenomatosis and
associated with the formation of cysts, epi-
thelial papillomatosis, and cellular atypia
was noted in a considerable number of ‘rats
and rabbits. Such glandular proliferations
were sometimes coexisting with focal or
diffuse squamous-cell metaplasia of the en-
dometrial epithelial lining as well as at
times with areas of definite adenocarcinoma
or squamous-cell carcinoma (Fig. 15). An
unusual degree of cellularity of the endo-

A. M. A. ARCHIVES OF PATHOLOGY

metrial stroma. was also observed in some
rats with PVP deposits.

Noteworthy in this connection is, more-
over, the coexistence of large masses of
blue-stained foam cells invading the adja-
cent muscular tissue located near an ostéoid
and possibly sarcomatous tumor involving
the lower jaw in a rabbit (Fig. 16).

(¢) Cancerous Reactions: The malignant
nature of the lesions adjudged to be cancer-
ous was attested not only by their histologic
characteristics but also by their locally in-
vasive growth, their diffuse involvement of
the target organ, and often by the frequent
presence of widespread metastascs.

. Fig. 15.—Adenocarcinoma of the
uterus in a rat (PVP).

Vol 6, June, B5)
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17. Endocardial mesothelioma in
a rat (PVP),
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Fig. 16—Sarcomatoid osteogenic
tumor of the lower jaw with
groups of phagocytic cells con-
taining blue-stained material
(PVP) (rabbit).
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Fig. 818, — Marked mcsothelial
proliferation with foam cells of
the pleura of probably sarcomatous
nature in a rat (PVD’).
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The endothelio- or mesotheliosarcomatous  giant cells were present occasionally in these
neoplasms originating from the endocardial, cell masses (Fig. 19). In addition to these
epicardial, and pleural lining cells consisted sarcomatous hepatic lesions a few livers
of closely and irregularly packed oval cells displayed changes of a leukemic character
invading the myocardium or lung, respec-  ,f monocytic or lymphoeytic type.
tively. They cxtended along the pulmonary

or cardiac vessels into the mediastinum and . - .
.. ) plasms forming nodular masses in the peri-
mediastinal lymph nodes and formed there

large white medullary masses (Figs. 17 and toncal. lymph "OdeS. and invading the
18). abdominal and thoracic organs apparently

The Kupffer-cell sarcomas displayed usu- originating from the reticulum cells of
ally a similar cellulur structure, being com- lymph nodes and only occasionally from
posed of strands or masses of oval-shaped those of the spleen. The presence of giant
cells or of irregularly round cells with a cells in some of these tumors produced a
reticutum  network. ITuge multinucleated  resemblance with histologic changes found

Siilar round cellular malignant neo-
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in sarcomas derived from Hodgkin's disease
n man.

The cancers affecting the uterus of some
rats and of one rabbit were cither adeno-
carcinomas or squamous-cell carcinomas or
anaplastic carcinomas. Occasionally a mix-
ture of adenocarcinoma and squamous-cell
carcinoma or of adenocarcinormia and endo-
metrial round-cell sarcoma was observed
(Fig. 20). .

Two rats developed squamous-cell carci-
nomas of the skin in the region of the sub-
cutaneous implantation of PVD,

The histopathologic changes recorded for
mice, rats, and rabbits which received

Iig. 22.—Foreign-body giant-cell
granuloma obstructing the lummen of
a large pulmouary artery in a rab-
bit (dextran).

Hueper

Fig. 21. — Intracapillary cluster
of foreign-body giant cells in the
lung of a rabbit (dextran).

g5
I’VP's by various parenteral routes demon-
strate the topographical and in part also
cellular identity of the localization of the-
saurismotic, hyperplastic, and cancerous re-
actions. Statistical as well as histopathologic
evidence thus support the view that at least
some of the cancers observed in these ani-
mals are attributable to the PVP admin-
istered.

I1. Polyvinyl Alcohol —The storage phe-
nomena observed were essentially identical
in type and distribution with those seen in
the PVP animals as well as with those
previously reported for dogs and rabbits, 32
i. e., polyvinyl alcohol was present in vari-




Fig. 23.—Intimal cushion of pro-
liferated endothelial cells in a
pulimonary artery of a rabbit (dex-
tran).

ous cellular constituents, such as periportal
foam-cell granulomas, isolated and swollen
Kupffer cells, proliferated reticulum cells
and giant cells of the spleen, and interstitial
giant-cell granulomas of the lung. The
cancerous reactions likewise resembled the
corresponding ones observed among the
PVP animals, i. e, Kupfler-cell sarcomas
and mesotheliomas.

I1{., Dextran.—(a) Thesaurismotic Re-
actions: The lungs of rabbits revealed fre-
quently intracapillary giant-cell granulomas,
which were sometimes rather cellular and at
other times mainly hyaline (Fig. 21). Sim-
ilar but much larger formations accasionally
blocked the lumens of large pulmonary ar-
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teries (Fig. 22). In the presence as well!
as in the absence of such foreign-body
granulomas the endothelial lining of arteries
exhibited sometimes focal increases of cells
which at times produced small crescent-
shaped, cellular plaques of the intima (Fig.
23). Apparently older lesions of this deri-
vation appeared as fibrous intimal thicken-
ings (Fig. 24).

Foam-cell accumulations in intrahepatic
sinusoids were only occasionally observed
in the livers of mice (Fig. 25). In the
spleen of one rabbit hyaline masses sur-
rounded atrophic lymph follicles. The same
rabbit exhibited also an extensive hyalinosis
of the renal glomeruli.

e

v Fig. 24—Fibrous intimal thick-
ening in a large pulmonary artery
of a rabbit {dextran).

2,
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The storage phenomena were in general
distinctly less frequent and less marked in
animals treated with dextran than in those
given PVP’s.

(b) Hyperplastic and Precancerous Re-
actions: The hyperplastic and- precancerous
reactions were correspondingly also less
marked and less irequent in dextran animals
than in PVP animals. The spleens of some
mice and of one rabbit revealed marked
mononuclear or reticulum-cell proliferations
obliterating the lymph f{ollicular structuré
of this organ. Two mice showed, moreover,
pulmonary adenomas, one of which pro-

Fig. 26. — Polypous  adeno-
carcinoma of the pleura of a mouse
(dextran).

Hueper

i Ty

Fig. 25. — Protiferated Kupffer
cells with swollen, foamy cytoplasm
of a mouse (dextran).

jected above the pleural surface as a poly-
pous formation (Fig. 26). The lung of one
rabbit exhibited a large area of alveolar
adenomatosis.

(c¢) Cancerous Reactions: The cancerous
reactions in dextran animals resembled in
histologic type and in topographical distri-
bution those seen in DIPVP animals. The

various types of cancers found in dextran-
treated animals were endothelioma of the
endocardium (Fig., 27), myeloid leukemia,
reticulum-cell sarcoma of the liver or of the
lymph nodes, and carcinoma or carcinosar-
It 1s noteworthy that

coma of the uterus.
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Fig. 27.— Pericardial endotheli-
oma invading the myocardium of a
rat (dextran).

this identity in histogenesis and histological
structure of the cancers seen in dextran
and PVP animals is shared only in part
with those seen in normal control animals,
which, while carrying some of the cancers
recorded in the experimental animals, show
them at a considerably lower incidence rate
and lack also the various and frequent de-
velopmcntal and “precancerous” stage~ seen
in the test animals.

1V. Silastic Rubber.—This observation
applies also to the cancers found in the
internal organs of rats which received im-
plants of silastic rubber or gum into the
subcutaneous tissue or into the abdominal
cavity. These tumors occurred in these ex-

Fig. 26--Fibrosarcoma surrounding a cube of

leasuc in thc subcinaneous tissue of 4 rat.
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perimental animals at a normal frequency
rate. The spindle-cell sarcomas which de-
veloped around the subcutaneously implant-
ed cubes of silastic rubber, on the other
hand, represent specific reaction products
to the processed silicon polvimer (Fig. 28).
The histologic examination of the capsules
surrounding these implants in the subcuta-
neous tissue and in the abdominal cavity
revealed that they consisted originally of
oligocellular hyaline membranes which were
thicker for implants in the subcutaneous
tissue than for those in the abdominal cav-
ity. In some capsules multicentric small
cellular foci were found beneath the inner
lining which were not in direct contact with
the implant. It may be assumed that the
subsequent sarcoma formation started from
these foci.

It is remarkable that none of the cap-
sules formed around the abdominal implants
developed sarcomas and that such an event
was observed in only one of two series of
30 rats each which received implants of the
silicon latex. While tumors were not formed
around the implants of powdered silica
placed in the subcutaneous tissue and into
the peritoneal cavity, the relatively large
number of cancers of the internal organs
observed in rats of these series creates the
suspicion that the two phenomena may .not
entirely be unrelated.
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Mention may finally be made of the fact,

which is apparent from the descriptions of
the histological changes observed in the
different experiments, that storage phenom-
ena and hyperplastic reactions were present
in animals with and without neoplastie re-
actions. In these respects animals with
tumors did not differ as a group from: ani-
mals without tumors. :

‘Comment

The evidence presented indicates that
under the experimental conditions observed
some, but not all, PVPs; some, but not-all
dextrans; a polyvinyl alcohol, and Silastic
are carcinogenic to mice, rats, and perhaps

also to rabbits, when they are introduced
* parenterally. The existence of fundamental
differences in carcinogenic properties be-
tween polymers of the same type, such as
PVPs, was suggested by the divergent re-

sults reported previously, since Hueper and

Nelson and Lusky obtained sarcomas with
'PVP introduced into rats, while Hecht
failed to do so. ' - . .

" The.carcinogenic effect of the water solu-

ble polymers involves several organs and

tissues. It becomes manifest mainly in or-
~ gans in which these macromolecular sub-
stances are retained and xtored over
‘proloniged periods and where they tend to
elicit reactive cellular proliferations which
seem to supply the preparatory state for the

_subsequent development of cancers. In con-.

trast, the carcinogenic effect of water in-
soluble polymers whenever it is present is
~ limited to the site of implantation, i. e,
mainly the subcutaneous connective tissue.
- Differences in carcinogenic potency ‘be-
_ tween polymers of the same type and of
different types seem to be reflected in varia-
" “tions in the length of the minimal latent
period. The minimal preparatory period of
cancers for PVDP’s 1, 2, 3, and 4 was six to
eight months. Since about 25%¢ of all can-
‘ders among the rats of this  experiment
occurred during. the 7th to 12th months of
the exposure time, these particular PVPs.
“exhibited a considerable degree of carcino-
Husfi o ‘

“vinyl alcohol, and silicon rubber, on

genic potency as judged by the length of
the minimal latent period. - Subsequently
studied carcinogeni¢ PVPs, dextrans, poly-
the -
other hand, elicited cancers not until the
clapse of at least one year following the
start of the experiment. A complete lack of
carcinogenic response during- the first 12

to 15 months of observation has been noted

so far for the different polyethylenc and
polyurethane preparations parenterally in-
troduced by vatious routes and in different
physical forms. _ o
The route of administration which apper-
ently influences the time of onset and the
degree of development of fibrous encapsula-
tion of the implanted materials and its rela-
tive concentration in the tissues seems to -
exert a determining influence upon the de-
gree of the carcinogenic effect of water-
insoluble polymers, since sarcomas developed
at the site of encapsulation of wates insolu-
ble polymers much more often in the sub-
cutancous tissue than in the - peritoneal
cavity. There was, on the other hand, no
consistent difference in the carcinogenic re-
sponse in internal organs for the various
routes “of introduction of  water-soluble.
When the degrees -of carcinogesic fe- -

- sponse obtained with water-soluble polymers

of different molecular size and shape were
compared, again no distinct pattern of be-
havior was discernible. This lack of distinc:
tion extended also.to reactions elicited by
products of commercial grade and those of
medicinal grade. The results of experiments
with PVP 6 and PVE.7 which were admin-
istered in one set in single doses and in 2
second - set in repeated. doses suggested,
however, that repeated exposures intensified
the carcinogenic effect and thus brought to - .
light weak careinogenic -properties  which
were not apparent for PVP 7 after the
introduction of a single dose.
“These observations are of fundamenta
‘jmportance because they indicate that the
differences in ‘carcinogenic behavior of dif-
ferent polymers of the same general type
no e L ss/ens




are apparently related to much more com-
plex differences than those represented by
mere variations in average molecular weight
or the ratio of branched to linear member
groups in a polymer. The marked carcino-
genic effect of the Silastic molecule pos-
sessing cross linkages of peroxide nature
in comparison to the at best weakly carcino-
genic one of the linear latex molecule pro-
vides perhaps a clue to a future study of
this intricate problem. It is noteworthy in
this connection that Mark,* working with
polyvinyl macromolecules, recently pointed
out that certain polymers can have different
properties if they have been prepared under
different conditions, not because of head-
to-tail, head-to-head isomerism and not be-
cause they represent different degrees of
branching, but simply because the substitu-
ents are differently arranged in space as
one progresses along the chain and affect
the configuration of the chain as a whole.
It is, therefore, possible that the industrial
use of different catalysts which determine
the character of the end-groups and of
different production methods in the prepara-
tion of polyvinylpyrrolidones may account
for the differences observed in carcinogenic
potency of PVPs of different manufacture
(PVP 2 and PVP 7 of German manufac-
ture; PVP 1 and PVP 6 of American
origin).

Support of this concept of a chemospe-
cific basis for the carcinogenic action of
polymers and macromolecular condensates is
provided by the recent observation of Rich-
mond,** showing that an iron-dextran com-
plex when parenterally introduccd into rats
was carcinogenic, while the dextran alone
was not. A similar connotation may be
attached to the finding that the carcinogenic
polyamide “Perlon” (e-amino-caprolactam),
when used as a filling of human pleural
cavities, undergoes gradual disintegration of
its fibrils and that in fact the fibrils varied
structurally when viewed under the micro-
scope before they were implanted. This
observation indicates that at least some
polymers (Mondur TD-80) do not seem to
be stable in a biologic medium; nor are they
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chemically uniform. These facts may ac-
count for the variability of the anatomic
reactions to various Perlon products, since
some elicit a marked foreign-body reaction
and fibroblastic proliferation, while others
seem to be almost inert in this respect
(Wolter). ‘

The action of a chemical mechanism in
the production of anatomic reactive lesions
to polymers is, moreover, suggested by the
development of granulomatous reactions in
the lungs of man foliowing the inhalation
of PVP-containing hair lacquers (Berg-
mann, Flance, and Blumenthal) and of
similar pulmonary changes in rats after the
intratracheal injection of dust of Perlon and
Nylon (polyhexamethylene adipamid [Mass-
mann and Pilgrim]). The pulmonary reac-
tions in rats were progressive and later on
complicated by the development of extensive
adenomatous hyperplasias originating from
bronchial epithelium. Although these ade-
nomatous responses were considered by the
investigators as unrelated to the inhalation
of the polyamides and although cancerous
pulmonary reactions were not observed,
these findings nevertheless show that some
finely dispersed and powdered polymers
exert distinct biologic effects in the organs
of contact which must be ascribed to chemi-
cal interactions and not to the action of mere
surface forces. There is no sound reason
for assuming that the marked fibrosing and
scar tissue development stimulating action
of polyethylene films utilized in human sur-
gical practice has any other than a chemical
basis (Yeager and Cowley). The serious
toxic reactions, such as alopecia, thrombo-
cytopenia, diarrhea, and anorexia, elicited by
dextran sulfate in man, are doubtlessly re-
sponses to chemical phenomena (Tudhope
et al.). In fact, Tudhope compares these
effects of dextran sulfate with those pro-
duced by whole-body irradiation and by
exposure to mechlorethamine hydrochloride
(nitrogen mustard), colchicine, and other
antimitotic substances and thercby refers to
chemicals and physical agents which often’
have ambivalent qualities, i. e., they are also
carcinogenic under proper conditions, -
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There can be no doubt that some water-
soluble as well as water-insoluble polymers
are capable of producing in the organism of
man and experimental animals toxic, pro-
liferative, and even carcinogenic reactions,
which in their general behavior and type
cannot be distinguished from those elicited
by other chemicals. The fact that evidently
only some but not all polymers of the same
general type seem to be carcinogenic has
its well known analogue in the observation
that only some and not all derivatives of
certain polycyclic aromatic hydrocarbons or
of aromatic amines or of azo compounds are
carcinogenic and that often some specific
and often apparently minor aspect of their
chemical composition as well as molecular
configuration are the determining factors in
this respect.

Apart from a direct chemical interaction
of these polymers, particularly the water-
soluble variety, with cellular constituents,
there exist two additional mechanisms
through which these metabolically rather
inert macromolecules may act upon cells.
Their intracellular and extracellular storage
in excessive amounts doubtlessly interferes
in the long run with the normal vital cellular
activities by hindering intraccllular and ex-
tracellular reactions and fluid and chemical
exchange processes, thereby causing cellular
degeneration and death. Thesc, in turn, may
be followed by teactive regenerative cell
proliferation. Such possible cfiects may in-
volve the blood-brain barrier, owing to the
accumulation of PVP in the choroid plexus,
meninges, and adjacent cerebral tissue, and
thereby impair cerebral function. They may
affect the nutrition of the arterial walls as
well as the liver and kidney function. Stor-
age of PVP in the splcen, resulting in sec-
ondary reticulum-cell proliferation, may
exert an influence upon erythrocytic destruc-
tion rate and thereby account for the de-
layed appearance of anemia often developing
as a manifestation of hypersplenism in
excessively stored animals (macromolecular
hematic syndrome).

Since PVP has a definite affinity to form
complexes with proteins, dyes, various
Hucper ’

drugs, and other chemicals, i. e., it exerts an’
“embathic” effect, its marked accumulation
in the endometrium raises the question
whether it has also an affinity to sex hor-
mones and may elicit through the mechanism
of local hyperestrogenism, endometrial hy-
perplasia, and carcinoma.

Concerning the merits and the validity
of the theory on carcinogenesis by surface
action and capsule formation of polymer
films, which is also applied to the carcino-
genic action of metal foils, it may be pointed
out that cancers can readily be produced
in rats by the implantation of certain
powdered metals, such as. uranium and
nickel, and have been produced also in
rabbits with chromium powder (Schinz).
Since similar cancerous responses can also
be elicited by the subcutaneous implantation
of certain metal compounds, such as calcium
chromate, in rats or by the intravenous in-
jection of beryllium compounds into rabbits,
it is very certain that the process of metal
carcinogenesis does not depend on any
nonspecific physical phenomenon related to
surface forces but is attributable to specific
chemical effects of these metallic elements
and their proper biologic availability to the
tissues. _

It is, moreover, obvious that the carcino-
genic eflect of water-soluble polymers is not
dependent upon the presence of a certain
number of square millimeters of unbroken
surface of polymer film. ;

The mere formation of a capsule around
implanted polymer filins also cannot be con-
sidered as the specific prerequisite for a
subsequent cancerous development, since
the balls of silicon latex subcutaneously
implanted were as effectively encapsulated as
the cubes of silicon rubber. Nevertheless, -
sarcomas mainly developed around the rub-
ber cubes and not around the latex balls,
indicating that cancerous responses in the
capsule tissue depend on an additional and
specific carcinogenic factor associated with
the polymer. If indeed the formation of
cellular scar tissue in rats would represent
a fertile basis of the production of cancers,
it is surprising that the chronic organizing
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pneumonias not infrequently seen in rats
do not seem to give rise to carcinomas or
sarcomas of the lung, unless a specific car-
cinogenic agent is active. While at the
present time a sattsfactory explanation for
the differences in cancerous responses to
various polymers when implanted as intact
film, perforated film, fabric, thread, or pow-
der cannot be given, it is most unlikely that
for the reasons given the hypothesis of
Nothdurft and of Oppenheimer on polymer
carcinogenesis is the correct one.

Finally, comments are in order concern-
ing the applicability of the experimental
observations to man, i. e., whether or not
health and cancer hazards may result from
any exposure to the growing number of
synthetic and semisynthetic macromolecular
substances for occupational or medicinal
reasons or as the result of handling, using,
or ingesting the large number of consumer
goods either containing these chemicals or
having been in contact with them.

The various storage phenomena produced
by water-soluble polymers which have been
observed not only in experimental animals
but for the plasma extenders, cspecially
PVP, also in man (Busch, Traenckner?
Gropper et al.,, Hartmann and Behrmann,?
Wrage, Upham et al,, Ravin et al.) in gen-
eral have been considered as of little con-
sequence as to any acute or chronic effects
upon the function of the organs affected.
This conclusion is probably correct unless
higlly excessive amounts of these agents,
particularly PVP, are administered repeat-
edly over prolonged periods of time. The
observations of the present experiments re-
ported add to the list of alicady known
thesaurismotic reactions from which possible
delayed health hazards may result under
exceptional conditions. These are the stor-

age phenomena in the choroid plexus, the

glia and ganglion cells of the brain, and
the atheromatous and atherosclerotic arterial
reactions seen in rabbits given injections of
PVP and dextrans. If these observations
indicate that the medicinal and cosmetic use
of water-soluble polymers should not be
practiced without caution and discrimina-
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tion, this warning receives increased empha-
sis by the demonstration of carcinogenic
effects elicited by borh water-soluble and
insoluble polymers. While there exist with-
out any doubt justifiable and legitimate
medical and surgica? indications for the use

of such macromolecular agents, the present

uncertainty of their potential carcinogenic
action in man upon parenteral or respiratory
introduction demands that the calculated
risk related to the disease to be treated out-
weighs definitely any possible delayed risk
to health which may be created by a polymer
administered.

Although at present no valid evidence
exists that the use. of such polymers in
certain protheses, such as dentures and con-
tact lenses, which have prolonged and inti-
mate contact with mucous membranes, is
actually related to an increased occurrence
of cancer in the exposed tissues, it seems to
be wise to conduct during the coming years
carefully controlled surveys on the cancer
incidence among persons thus exposed for
determining the actual innocuousness of
these plastic devices.

Similar considerations may well be ex-
tended to the medicinal use of ion-exchange
resins (polyamine-methylene resin, carba-
crylamine resin) administered by mouth for
increasing the fecal excretion of sodium in
cardiac edema or as an antacid in the treat-
ment of gastric hyperacidity. Definite atten-
tion should be given in this respect also to
the incorporation of macromolecular chemi-
cals into other medicinal and cosmetic prod-
uects, such as ointments, creams, and
laxatives, Although the scientific character
of the experimental evidence of the carcino-
genesis of polymers does not justify any
undue alarm concerning the use of such
materials in food products, for the impreg-
nation or coating of food containers, or for
the coating or wrapping of foodstuffs. it
appears to be a sound precautionary meas-
ure to keep all workers employed in the
production, processing, and handling of
polymers or plastlcs under proper medical
supervision for insuring an early discovery
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of any cancers possibly attributable to con-
tact with these substances.

Conclusions

1. Certain water-soluble polymers, such
as polyvinylpyrrolidone, polyvinyl alcohol,
and dextran elicit upon parenteral introduc-
tion into rats and mice, and perhaps also in
rabbits, sarcomas originating from organs
and tissues in which these macromolecular
substances are retained and stored, i. e., the
reticuloendothelial tissues. Cancers from
other tissues, such as uterus and skin, ob-
served in rats may be directly or indirectly
caused by these substances.

2. Polymers of the same general type but
produced by different procedures and vary-
iig among each other in molecular weight
and configuration differ greatly in their car-
cinogenic potency, i. e., some are noncarci-
nogenic, others weakly carcinogenic, and
again others definitely carcinogenic.

3. The experiments conducted have failed
so far to provide any information on the
physical or chemical molecular factors which
may account for these differences.

4. Experiments with silicon rubber and
silicon latex showed that the rubber having

a net molecule with many cross linkages'

possesses marked carcinogenic properties
when subcutaneously implanted into rats,
while the latex having a linear molecule is
at b?st weakly carcinogenic.

5. The total evidence on hand concerning
the biologic action of synthetic and semi-
synthetic polymers parenterally introduced
into man and animals favors the view that
their toxic, pharmacologic, and carcinogenic
effects are mainly related to chemical prop-
erties and reactions rather than to their
physical characteristics.

6. The existence of actual cancer hazards
to man from water-soluble and insoluble
polymers possibly associated not only with
their parenteral introduction but also with
their administration by the cutaneous, respir-
atory, and oral routes is at present prob-
lematical. The experimental evidence on
hand, however, is sufficiently definite and

Hueper

serious for requiring distinct caution in the
medicinal and cosmetic use of these products.

The various dextrans were supplied by Mr. H. S.
Paine, The Dextran Corporation; Dr. H. E.
Stavely, Commercial Solvent Corporation, and Dr.
C. R. Rist, Starch and Dextrose Division, Bureau
of Agricultural and Industrial Chemistry, Northern
Regional Research Laboratory. The polyvinylpyr-
rolidones employed were furnished by Dr. B. M.
Lanman, Schenley Laboratorics, Inc.; Dr. J.
Werner, General Aniline and Film Comporation:
Prof. Dr. H. Qettel, Badische Anilin and Soda
Fabrik; Dr. Beuchelt, Farbenfabrik Bayer, A. G,
and Dr. H. Campbell, May and Baker, Ltd. Mondur
TD-80 was supplied by Mr. J. H. Saunders, Mobay
Chemical Company ; polyethylene, by Dr. Th. Nale,
Carbide and Carbon Corporation ; polyvinyl alcohol,
by Mr. R. H. Beeman, E. I. DuPont de Nemours
and Company, and Silastic and silicone gum, by
the Dow Corning Corporation.

National Cancer Institute, National Institutes
of Health (14).
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PROPERTIES AND CLASSIFICATION 0F PURIFIED DEXTRANS FrROY 90 DIrFrrexT STRAINS OF BACTERIA,  IDENTITY AND ORIGES OF THE STRAINS

- Type AGU links, \p \cn Strain
Btrain s G e {a]®n (¢ 1) water Solu- —
1, 1,4 RN Yield, bility, ) Tden-
MRRL B- 1,60 like Uhke HCONIT:1IN KOM  [7] ky S8 wuterd Nature of product® tityd Donor and donor's no. &/ Other strain no. and ref.
Cluss A Dextrans, 0205 1,3-like links
1145 o7 3 0 4214 1.245 1.07 11 + " Loug 1.d. NCIB 3356 P-2061517
106 6 4 0 214 0.887 0.91 20 4 p Tough, stringy L.n. CSMe 548 Type DB
1414 05 4 0 214 869 06 15 -+ Short L.n. Isolate
1155 46 2 S 214 K3 24 - Long L.d. NCiB 3355 5247
J2(FY 95 5 0 215 4203 0. 1,100 24 -+ Leng L.m. RGBH - Sibstrain of B-512%
Gt a5 3 0 214 1.280 1.03. 14 + Long L.d. ATCC 8086 2247 its dextraw’
1065 5. ' 5 0 215 0.R21 0.83 11 +0p Crumbly, Ff Lan, CS8Me Subtype of type D
1508 05 5 0 213 62RO 18T 4T +p Crumbly Lo CSMe Type D '
210 93 3 0 005 1,330 24 + Short, rough L.m. C5Me Type D
1211 535) 5 0 214 LB L3 16 + Short, smooth L.n, CSAIe Type D
1563 jth) 5 4] 219 76137 15 +p Tasty, crumably, © Lo, EJIL
1204 0% 3 “ 215 03 08T 18 + Short, smooth Lo CSMe Type Dt
131 04 4 2 217 1.617 .86 7 4+ Cobiesive, stringy L. ATCC 8357
o4 6 0 216 0.8%3 03 24 ~- Long " Lm, ARS Substrain of B-512
04 6 0 215 L7680 1.39 23 -+ Stort, F I.m. CS)Me Tvpe D
i 6 0 16 + Short L.m, CSiaie Type D
[SE 6 0 213 B4R 1,39 47+ Short u ALY Simiiar to steain reported™
03 7 0 0068 1.07 2 - Short, tough
1425 04 6 0 216 G600 1.34 Q -+ Shiort . Lan Ieolate
1412 0 6 0 216 1.127 6.98 12+ Long L.m Isolate
1413 G4 6 0 0.7 1.21 15 -+ Short L.an Isolute
1417 a4 ) 0 217 654 1,14 17 -+ Short, F L.m
JEH 01 3] 0 21 .o 0086 16 -+ “ukd. stringy I.m. Type A
U0 03 7 0 0.8 1.28 18 + Crunmtly L.m. Type DB
214 a3 7 0 21 -+ Short, ¥ IL.m C3Me Type D
1197 92 G 2 212 A 113 8 -+ Toc. ppt. Lan csp 683 g
1307 91 9 0 215 052 1.08 19 +p Shert, tough L.m JMN, EJH “B” References 10, 29, 30
S 01 9 0 017 1.09 16 -+ Short, tough L.m ryP . }
90 10 0. 208 24 +p Stiort Ac. EJH NCTC 4943, Ref. (19)
on 10 0 212 704 Q.87 20 4 p Short A, LI NCTC 7216, Ref. (19)
20 10 0 215 204 .823 1.71 19 +p Shiort, tough (L.m,) CSMe Type I'$ )
80 11 0 216 1.180 0.1 12 -+ Stringy’ L.m Isolate
88 W 2 215 0.800 1.22 26 -+ Short L.m WWC “elai Ref. (31)
86 14 0 050 1.02 7 -+ Stringy L.n Isolate
& ib 0 217 o537 1.12 15 +p Shiort, rough L.m RP
&t 16 0 216 875 0.8 17 + Short L.m Isolate
Nt 17 0 217 L2130 0.88 24 -+ Tlaidd, stringy L.m. Isolate
Rk &2 1R 0 216 JRAT 103 14 4 p Chovt, stiff T, RY
[ S ) 0 B - T i3 - Sl T, np
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Class C Dextrans.
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Short, tough
Short
Short

Short
Bhort
Short
Stringy

Shert, F
Shert
Short

Short L.
Loug L.
Short, T

Shert L.an.
Shert, cohesive. L.an,
Short, toughn L.n.
Shart L.m.
Sunrt L.m.
Coliesive, stringy L.m.
Shert L.m.
Stringy u
T'loc. ppt., crumbly  S.d.
T.ong B.v.
Short (L.m.)
Short, tough L.m.

Crumbly
Short
Short
Crumbly
Long
Tough
Tloc. ppt.
Stort, tough
Crumbly
Stringy
Short
Vloe. ppt.

i'loc, ppt.

L.m.

L.d.

L.n.
L.,
L.m.

3-0% 1,3-like links

>6% 1,3-like links
L.m. -

S.v.

Lom.
L.m.
L.n.
L.m.

B.v.

I.m.
L.m.

L.,

L.d.

~L.m.

Isolate
Tsolate

Isolate

. Isolate

ERW
JwW

ERW
Isolate
JMN

CSP
ATCC
C8Mc
RP
Isolate
Isolate
Isolate
Isolate

PWE

Icolate
Isolate
ATK
ATK
CSMe
NCiB

ATCC
1
RP
C8Mc

Svenska Sockerfabriks

RP
AJK
Isolate
RP

Benger's Ltd.
Diextran Ltd.

CSMc

Refined Syrups and Sugars, Ine,
strain “D” or 1053; derived
from ATCC 6025

Scrol. type A2:®

Type D

Isolation®®
May be same as previously reptd.®
Type T#

Type 134
Ref. (35)

Type B

Isolation??

“Birmingham” strain!®®
Type B
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Tavue I (Lontinued)

Dextran
Type A( U links Viscosity, Strain
Btraun e ’a]ﬁn {c 1} water, 25° Solu- ’
no. - : Yield, bility Tden-
NErL B- o 1,6- l'\e 1{\.()\' L1 NKOHR [=] ki 5 waterb Nzture of producte tityd Donor and dount’s no, &S Other strain no. and ref.
1434 h3 G513 221 0.475 1.08 10 + Fluaid, stringy Lo, CSMe Type A
1443 & 101 220 418 086 IR -+ Pasiy (I.m.) CSMc Tvpc A®
14 79 318 2234 1.350 1.04 17 -+ Toeugh, stringy L.d. NCIB 2706 6347
1102 w3 4 18 223 210 G010 133 22 =+ Shorg, crumbly L.m. Cspe 851 :
1191 T 9 4 223 882 1,356 19 + Short, crimubiy L., CSp 845
1118 70 3 21 215 1.821" 0.74 0 - Floc. ppt. L.m. CATCC 203
1425 74 8 IS 222 1.105 .83 7 + Fluid, stringy Lan CSAMle . Typec A®
1303 wou 19 290 1. 865 91 1w -+ Short L.n, isolute
1207 67 24 9 219 211 2 -+ p, 120°  Short, roug T JMN Sor “A”  Ref, (10, 29, 30
IONAT 67 2 31 225 <4 p, 120 Tloc. ppt. Sov. LIH Lancefield group HY
523 a6 100 24 220 2,081 1.51 6 — Flee, ppt. L.n C. Thoin 535
1 G5 2 3 202 7 - Flec. ppt. L.m ATCC 8359 Type 1134
17142 (3% s 20 2360 .30 1.60 6 +p Floc. ppt. IL.m NCIB ' 3351 Same origin as NRRL B-742
1133 63 30 7 207 2,605 1.17 17 — Crumbly 1. “5Me Type BY
1.453-A 63 30 7 2,7 2504 1.22 6 - Tough R
1431 62 20 0 217 3,107 034 10 - Floo, ppt. Lan. C8Mc Type 18
1149 528 40 oy 2 TICN 1240 4 - Fine ppt. Lm.  NCIB 6100
Structurally heterogencous dexirans and/or their major component
743 07 21 12 4223 1.3 15,0 +p Short, dense L.m. CSpe 631 317, 44
L8100 00 212 1.38 (35 +0p - Tine ppt. '
-5 A7 1T 260 226 1.45 (30 +p e ppt.
1954 00 7 3 216 1oE0 12 ) Iioe. ppt. S.d. ATK L-336 Isolation??
-1, (31 0 213 SO1.29 (N -+ loe, pirt.
-8 Rt 7 0 PR 371,26 (55) + p oc. ppt.
1200.1, 5826 6 4216 873 1.05 (3%) + p 120°  Floc. ppt. L.m. JMN 8 or “K” From AJK, 1940. Scrol. type
- S 500 HD 0 221 212 468 1.53  (23) -+ Fine ppt. . Arw.®
555-1. R 9 3 oG 1,115 1,13 (37) - Qhort L.m. RP
4 o7 885 2 Dok 0 1 1,24 (4Y) - Tine ppt. .
1UR-A 01 ] 0 212 1135 181 3 +p Short, tough L.m. CSMe ’ Type FB8
Loer a0 213 1,696 1.30 14 -+ Shert '
-5 52 1L 27 227 0.329 1.25 3 + Fine ppt. .
1503-A S0 18 2 211 1.004 1.67 7 +p Short, dense L.m. CSMc Type F1
-1 03 7 0 206 1.054 1.34 7 + Short .
-3 6y 15 20 216 0.412 1.28 5 -+ Tiine ppt.

1 of suerose in culture. - soluble; —, fusoluble; p, if preccutions are observed; 120°, solution completed by autoclaving. ¢ Obscrved when pr"cipimtc'l
tion by ethano! of 45505 concentrmtion,  Produets are guns tinless ot herwise stated., Idvvtlt'w are as confirmed ot determined? except for those indicaterd in
which are ay received, A Iwir)/mf rer By, lﬁ‘«.dwr i vermifarme; ¢, capsulenn; d, dextranicum; L, Lenconostoc; m, mesen teroides; .., Streptobacterinm dex-
n; B sp, Strepiococcus species; Sy, Streplocaccns i {vidans; v viscosunt; U, un u‘crltmml. ¢« NCIB, National Collection of Industrinl Bacterin; ATCC, American Type Cul-
Solicetion; NCTC, National Lnl’w (*m ol Type Qumm‘ ! Tnitiads staud for names of donors, as follows: R, (5. Benediet; \\' W. Carlson: E. J. Hehre: G J. Haoekers

COSOMECH ey Y M. i . 51.. Pederson: AL L. Polined; AR Stanley: J. Warren and B RL Wollord, ¢ §7, luoreseent in uuiz’u'u',\ ligght s
SR UL PE e 'v(\( Mot o parentfroaes Hied fraction oliadoed from the whole dexeeogn ™
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Experimental

Cultures.—The dextrun-producing bacteria employed in
this survey were obizined from several culture cotlections,
jrom other investigators of these micy ofTganizms aud of
their polysacchiarides aind by bsolation from vurious vatarod
sc)urces. Each of these pure cultures, which is nnwde up of
desceudenis of o single isolation, is defined as a “strain.”’®
}‘cvuunt data are given for cach strain in Tabie 1. Al
thongh we designate the strains and their respeetive dextrans
by the NRRL number ¢ f the strain in the Culture Collection
of the Northorn Uttlization Research Branch, we cite
vious designations of cultures as well as puuhcatxons con-
cerning them or their dexun

Wiil: a few exceptious, the straing in Table T are believed
o be free of duphicution; such cultures as originated from
a common natural source showed difl U1 1N ostomy
or in the physical and chizrnical chavacteristics of their des-
rrans. A fow strains which had a conmnnon origin but dif-
ferent subsequent history have beer retaized purposely
as acpar‘xtc strains becauce their destrans differed signifi-
cantly (B-742, -1142; B-1424, -1207) or their wotal fermen-
mtiml prnducts are of special interest (B-512, -1072).%

Dextran Production.—2Jost  of the dextrans reportcd
here were prepared m.dc; stasicdardized culture conditions.
The sct of conditions nsed could not be expeetud to be opti-
wal for ench organism andd doubtless L‘d\l\fd vields and vis-
cosities of dextrans from cortain strains to be lower than
might have been obtaine! under conditions more adlequately
fulfilling the specitic requirements of 1hu> strait 3
example, the vield of B-il44 dextran can be increased by
fuchsion of supplementary vitamins A th(- rm(‘mm and
the viscasity of 13-512 doxtran is decresszed sharply when the
m(‘x-bahon time is extended, as in this survey, bevond that
required for LOIUI)l(‘“OH of dextran prog duation® However,
nearly every organism has been cultvred for dextran pro-
duction under from 2 to § diffcrent condilions without
change iu the type of dextran being detectuile by cur meth-
st Therefore, reproductinn of tive dextren Tn"]‘drli‘()lls
npcmd Biere can be exnectod winder cur vonditions of cul-
ture propagation and medivin eomposition. It caunot be
;:~>u:ncd, whough, thet toe deddran products \'.‘0111(1 remain
a1l possible modifications of culture con-

The des "‘aw were izolated from liter cultures afier incu-
bation at 20%, naually for d dJdays, It a suciose, tryjtone,
vhosphate mediam sapplomented with veast extract, lver
L.\'ll’il(‘l or malt extrect. sentiallv ancerobic cunditions

wure ercoumgcd by “dieep’ culiuring. Spe ciha details on
the calturing of the organisins, the conditions for dexy
produetion, wnd the relation of these conditions 1o the dex-
tran produet are to be repasted clsewhere.?t

Speciul conditions were established for production of dex-
tran fram B- ,=1220 and -1351.08% Dextran from strain
FONA hhmx was the product previously deseribed,™ was

b . B cha:mn, R. St Johe-Firooks and R S. Breed, J. Buae-
teriol | 6§, "33 (1648).
':h) C. A. Wilkaiu, B. L. Alexander and Allune Jeanes, in propura-
tioa for publication,
y In 1950, the B-5312(F) subutruin supplanted B 512 for all work
<t the Northorn Ut ation Research Drancht.  Since {hat lme, the
fextian feom this cabslvain buas been des tly es B-312
erueiter in this
and 15121 wppear 16 be identical
od, J. facterinl, 83, 129 (3052,
. J. Helire aud 1. Judie, Proc. Soc.

aated inex

M obe so dasimnated

S onmerous publications, ancl w

is fre

. dth and
: "') 1 ‘\; Wil ¥y
sUORED, Med., 67, 3308 {1931).

0 BT Flelwe, fhid 54, 18 (Guddy,

B OW. WL Carlson and Viginia Whiteside - Carlson, sbid,, 71, 4106
IR .

S0 FOW. Eubian and R, JL Henderson, Food Researcin,-15, 410

Teu gy

\

1. C. Perquin, 4 in Teenaerhoel, J. Microbiol. Serol.,
W-1010).

AL Alford aud C. 5. DeCleskey, Proc. La. Aead. Sel, 6, 36

¥} Helire, Bu.t-'rfu., Jrrae., 23 (10520,
WoONL Haworth wnd M. Staeey, Brit, Pateni 618,590 (3 lareh 3,

YoEG this dextran, weare indebted to Dis, o1, Hawe and [N

wlio dc\rri'r,cd its prepraaation and partiad chavacterizati
Med | 83,
I ‘!\!n«. Gt

Yied resnits,

Tonelhiye, nupukd

INETY-SIX STRATNS OF DACTERIA

given further purification before being characterized by our
methads.

Ohservations eu Cultures.—At the end of the period of
dextran pmdvc‘lmn the cultures presented a voriety of
appearances. LU there was no pronounced  odor;
the pll velues snally were 1 to 5. Ube cultures from sone
strauns showed marked guorescence in ordinary light, as in-
dicated in Tuble I, and as reported previously by others.™
Almost invariably the cvltures were cloudy or opugue.
The gross viseosity of cultures from different strains ranged
front ahnost solid gels and thick fluids to thin fluids, and
usually wus proportional to the yicld of dextran present.
Many of the viscous cultures were aull and turbid (netubly
13-1254, -1255 wnd ~1308); others wure glistening and semi-
transparent (13-512, -1145, -1146, -610, 641 and -1412).
Still ether cultures appearced to have a gum phase uni-
formly disperaed Lnrnughont the medinm (B-1119, -1304
and ~1433). Iy numy cases guin- or gel-like material had
scparated out on the bottom of the enlture flask (notabiy
B-1234, as well as strains rcqulrmfr ex-
tended periods of v(‘\:b‘\tlon) Ofton this sccoud phase
appearcd to dissolve in the culture when stirred or shoken.
In some cases mixing was avoided®® and this sceoud phas
was isoiated and purified separately giving the ‘I’ fractions.
of B-1380, -1804, -1420 and -15206. From cuitures that
showed flocculent particles suspended in either thin or vis-
cous solutions (L‘o"i, -1118, -1149 and others), water-
insolble dextrans were obtained.

Izcolation and Purification of Dexirans. (A). Water-
scluble Dextrans.---The cultures were 1made to 33-339% by
volome with ethunol™; viscous cul’me» ﬁ1<t were blended
with water and diduted to 2 volume r less with water
These aleololic soliutions were slowly pmscd twice through
a contiiruaus supereentriluge. This r(.‘mov(‘d bacterial eul
insoluble mutter end dextzan fractons of low solubitity.
‘I'he conceniration of c¢thanol in the <upcrg(‘m fugnic then
was jucreased just to the point w here dextran precipitution
appearcd compicte (usnaily 42-45% cthanol) or else to H7g
cibanol, The sunernutont fhad was decanicd promptls
from gummy ])I'(J!]L.(‘ij or centrifuged from {Jocculent yrio-
cipitates. By K .mmg or stmm; with o‘!"o ithanol s
then reprecipitaiing from weater soinrion J su. ..n:c:»i\.'c tin
by addition of an cgunl velume of eitanol,’ the dextra
product wus purited from adhering nutvients frowm the
miediwn and from by-products of bacterial fermentation.,
Allef these operations were carried out at room tempersivre.

For repaceinitadions, the dextian products were mw U

fulle by gradnal :ummon of water and sifring
neows prastes before ditating further. House
products cppered to becowe less sohible during puritica-
iion. O\])C(!’l it the presence of .;U,(, cthanol, aud je-
A autectaving at #H 5-6 to abtain In about 5%, aguunis
selution (some 13- J.U; ]n’C])nutmn%, B-1131 and -143
Prentran products readily solubile in water were delivdrat
by adding 12 agueou ion to abselute cthanol, was
ing with cihanol and fnally deving ander anhydrous cosn-
ditious an pre v described M Dextrans less readily
soluble (such as B-1150, -1144, -1105, 12001, 13550
1333 were (”I‘\(“'I'Lu in e frozen state under H
vacimm {hvog wd) to insure greater case of dis Jolmxox
later. .

Deseription will be given dsewhere of the methads used
in separating ond purifving the polysaccharide fractions in-
ttration of 2 (Hor exanmple, frac-

SO8-A cnd -1307-A), as well as
or higlier concentruations for precipiia-

reguiring $a¢y,
tion ¥

{B) Water-insolvble Dextrans-—Cultures that show
et insoluble guim nr fiocenlent nsx:"u\ tes after dilution and
vigorous agitation were treated at 257 with 100, potussium
hvdrovide soluticn to give a final concentratton of 1 N
After sunerconteiiug 1, the pH wos sdjusted 1o 3-4 with
acctie acid and (e Coxtran precipitided with «1hnwi The
product was wi sshred with 506, cihianol aud tarice repses
cipitated {rom agueous. solution.  Often, . potasd
drovide was nece-sary for redisolving the dest
course of putification (axample B RRE
S1140): such dextrans were given @ niani procipin z{)',-:‘
water ‘%l‘\[ gziun to reduce salt coutent. In other oo
antockyy at pil 50 produeed solution (
’l'!l})x' : )

- <
'
i
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These dextrans were debyvdrited from aoneotss dispersions
(P} of 5-6) by lyophilization.

(C). Heterogencous Dexirans.—Sone deutran prodicts
after pres o from the supercentriivgate by ethauol
in the concentration range G3—i2 or S5-45C¢. were foumd to
be separable into fractions having divtinetly diTerent prop-
criies.® In some ca the whole coar chiiracter-
ized (B-722 wunt -1234; Table 1, heferegencous Eroup}, s
well as its icss solihle and mo-e colubie cemnatents, (osig-
nated by the suuixes -L and -8, respectively. In other
cases, ouly the compouents fractionated from the dextran
were characierized (13-1209, -1355, 1498 and -1391). Com-
piete details on the methods and all the products of frae-
tionation will he ieported elsewhere,®s

Anulytical Methods., (A). Moisture.—After completion
of drying, all dextrans were eguilibrated with atmaosphicric
moisture under constant couditions of 21° and 61<% relative
humidity,  The dexirans were stored, and all sainples for
anulyses were weirhied, uuder these same condition For
determination of moisture content, approximate CG.3-g.
samples were Treid 7w vacio in an unheated oven for about 16
hours and then hcated at 109° and 2 mm. pressure to cot-
stant weight (about 20 hours). Moisture contents usualty
awere 1-1677.  Doxtraus heated in this way have been re-
ported to retain about 0.209% inoisture, as shown by use of

“the Karl Fiacher reagent. 4

All ealenlations for other analyses were made on a dry basis.

(B). Periodate Oxidation.—The types and proportions
of anbydrogiucopyraiosidicaliy linked units {(AGU) in the
purified dextrans were deterinined by sordinra metaneriodate
oxidation.'®  Unps designated as iinked 1- or 1,5, 1,4-
hike or 1,2-hke reduced 2, 1 or 0 moles of nacindate aned pro-
duced 1, 0 ¢r 00 mole formic achl/mole AGU, 1 seetively,
Al valnes reported for woier-solille dextrans are for the 79-
hour peried of osxidati- rements of neriodate re-
duced were made at 25° unloss stated otherwise,®

Formic aci arements vere precise (0 =000 ninte/
mole AG e to withie 194 The coleulition of
noi-1,0.H menrswrement of povicilute
rerlieed. - i

, <oht ae those in
Table I, wore precis IO /mole AGU,
However, (he percentas of ceoand 1,3-0ke N
units report: v beit error by as mn
When the ae were marde 2t 4°, th
duced to 2-3% tement of aceur
methylation-striocture analvais of the oue dextran, B-
which shows it o have 054% §,6-dinked nuits and 3¢7 5,58
Under thie conditions of periodate ovidation—reae
sis by which the <ata showuin Teble I were obt:
dextran appeared o have 3% 1,4-like linked un
1,3-like.

(C). Speciiic Rotation.—Specific rotations were read with
sodium vapor Habt, on selutions fillered through fritted gloss
when neeessary to remove traces of exirancons matter, aud
are acourate to =:2° Dextrans were dissohved i jee-cold
form te which bl heen distilled 72 tacwo. Thowe of Iow
solubility in water were psolnile in formamide s were
dissolved either in jee-cold potaseium hyvdroxide (1 N) or
were autaciaved 10 a smadl ae

ir

ant of waler 1o meregse hy-
dration and then snade up to 1.V with notssivan hvdroxide
solution,  Gub g few doxtrans gave sutfBoienths clear coin-
tions inwatler o promit mcasurement of rotation {cxamplos:
B-512, -1672, -1 -1197).

~}
LS

Cii ey
atgl iin
minutes (718 5
disgolved e 1 N potss
neis woere made on
fiitration through fritted g
obtained Ly sucesssy G
These dilutions were nrude
were nnde in No.oo oo ~1'er .
The by parameter was calenlated from the concentss tion de-
peielence of the cpeeitin visconity. 2

0 ROLL Weirnms, 12010 Coundid, T, C. Yae, 15, 1. Waops, Tr., aud
Jo AL Biddick, Absivacis Fazers A C v 122, 158 e

) We ereindebied to D NN Hellowan for §lannd
cedures {or anessensaent of intrigsic viseusity and for caleulziion of &

JA-Coannag

vilaes,
(2 (a) K. Siwba, J, Research Notl. Bur, Stou Jurds, 42, 400 (190,
(B) S, Celloid Sci., §. 356 (1050,

Juanes, HavnNes, WiLhay, AUvsoy, CLUsSkEY, FisneR, Tsucinya AND R1st

Vol. 76

(E) Other.—WNitrogen analyses were made by the micro-
Jeldah! procedure on i00-ng, samples; phosphorus was
determined by a colorimetric method.

Qualitative tests for fiuciose n dextrans were made by
use of 85% phesphoric acid to a limiting value of ubeoyy
0.29%.  Quantitative measuranent was nads by colori-
meirie methods. s .

~

Results

Data on the purified dextran products and on the
strains from which they were derived are shown in
Table I.

In Table I, the dextrans are organized into three
classes (A, B and C) in which they are arranged in
the order of decreasing contents of 1,6-Iinkages, and
incieasing contents of 1,4-Jike and 1,3-kke linkages.
Structuraily heterogencous dextrans which con-
tained comiponents bhelonging in different classes
are Jisted separately at the end of Table 1.

Products Included in Table I-—\With few excep-
tions the dextrans in Table I comprise major parts
of the total fenmentation products of the cullnres
precipitated from the culture supercentrifugates by
ethanolin the concentration range 35-56,. These
dextrans are designated merely by the strain num-
ber, e.g., 13-1546. The six structurally heterogeneous
dexirans have been subfractionated; in cach case
data are shown for the less suluble (L) and the more
soluble (5) components. A few representatives of
the other types of palysacchuride products alen ob-
tamed fiom the dextrun-containing cultures are
included j0 Table ¥ and are designated by sulfixes
(o the strain mumbes (1" not in solution in the cul-
ture hut water-solnble during porification: “A,”
soluble in the culture but insocluble in the range of
elhanol concentraticn, 0-3375). “A” fractions were
always removed from the eulture but were not al
ways isolated; only a few of those isoluted are re-
ported here. The presence within the same cul-
ture of fructions witieh have the general character-
istics of dexirans but which differ physically and/or
chemically cvidences the molecular heterorencity
of dextran preparations. The phenomenon of 10-
lecuiar hererogencity of destran will be discussed
more completely clsowhere™

Yields.~The hishest yield of purified dextran
product, ba o the weizht of sucrose 1 the cul-
ture, was 2095, This is 0197 of the theoreticad.
Losses during purification nsually were about 5-57 7.
The average yield ef the cts listed in classes
A, Band Chwere 16, 11 and 1597, respectively.

Our ohjcclive was 1o obtain representutive des-
trans of Lighost pusity, ratheor than to develop
cenditions | dral yiclds, Attention o individ-
ual cultore ciits deubticss would hmprove
S.

the yield fron wanw strais

PR . . ) (e 1
Comporition i Poiificd Doxtrans —The proifie!
dextron products contained no inore than abot

X in
0.025 f;iz s, whiell 18 the fimiting vabine of the
colorimutric niethod of anadveis employed.¥ Dev
tran 11351 was the sole excention®; it contunud
0.26% fructose which has been shown to be a cu
stitucut of the dextr o4

Glucose wus the oaly sugar found by paps
chromatography of & few dectrons of speeial et

i

C

s, aksbres

L DIeys,

(43) C. 8. Wite RLJ Dotter, 36 AL Duvis and O B
Pepers Ani Chem, Sec 3900 2D 1933 Al Chean,

(13} L. J. Bele, private comunienioailon,
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est (B-512,
drolysis.®

Pereentages of nitrogen, phosphorus and ash did
not exceed G.G1, (L0033 and 0.03, !L""ccti\‘dy, and
often were less in both water-soluble and water-
insoluble dextrans.

Character of Dextran Precipitates and Solutions.
—The nature of the dextran product was observed
after precipitaticn of the dextran from aqueous
eolution by cthanol of n--a()“ cencentration and
durng washing with 50%; ethanol {(Table I). The
products were either gums, or flocculent or finie pow-
ders. The gums were cither “long’ (that is, tmdcr
gentie tension they showed clusticity or ability to
flow rather than breaking apart) or “‘short” (that
is, under slight tension the gum broke apart reac-
ilv).  All gradations of these types were found.
ljhw the “stringy” gums pulled ont to fine threads
but showed less tendeney to stream in forge mosses
than did the “long” gums. Souie of the stringy
gums were fluid or sirupy.

T'he dextrans were isolated in such wavs that mo-
lecuinr aggregstion did not contribule significantly
to msolub hty.”” ‘The case of solubility of the
dextran was, therefore, a characterizing property.
Dissolution of dextrans in water, formamice or di-
hute alkali occurred 1inuch more readily at-about 4
that at 25°. Heating dextrans of low solubili ‘Ly
wsually was ineffective wiless dispersion already was
L\bdltl’ﬂ“' homaogeneous. Many  dextrans in
clasves A and I3 dissolved readily 1n concentrations
up to 30 -U,": mevely by ndding swater {exauniplies:
R-11:6G, =512, -1397 and -§41 Other dextrans
appeared to be insoluble unless water was worked
in gradually 1o allow all particles to hecome
dispersed in their own dense paste (czamples: B-
1064, <1056, 1582, -1283, -155(;% and -1233)., The
majority of dextrans in class C and in e heteroge-
nmu: group were much more difil iissolve

than those of class A ;:zml became progressively inore
$0 as the coulent of non-1,6- ]miw qe] i-xcrx ased.

The dense (40-5077) aqueous dispersions of maost
dexirans were brillinutly clear; some notuble ex-
(‘ep*\ow were dextrans 13-1105, <140 —]»10}', -1414
and 1419, Dilite aqueeus solutions (2-397) of
the long and stringy gums were chw or shghtly
epnlescent, Wit @ few exceptions all others were
turbid (o varving degress.

-523 and -742) after complete acid hy-

Discisssion
General Aspects of Sutvey.—The 05 bacterial
strains used for preduciion of the dextrans deseribed
ltere eame froin 5 cenera and constitule the midivid-
wil strains from o .:;,.,I of 1373 examined, Althourh
the strains were irom a vavic tv of na.mx 1 sot 1(0?,—‘
Cthe canpling was not s mhc.u.tl} rae or diverse

ti o N .
o assure inclusion of all possible (’thn:;u-procmc-

W tvpes,  Sudiicient correlation has not heen
nm. d bu\‘cw stroin clussification or origin and

“extian characteristics to provide u busts for classi-
wuion of the dextrass.

Jhc asstwmption oy be
tsasance tlat the one cotstant featire o ]
destrans is their structoral component which an-
Fars Lo be almost exclosively the anhydreglucepy -

fall the

i

{490 RUT Dimler, ML AL Davis, L. Gill and ©. F. Rist, uapeb-
t hed .1,.,.1_ Y.

other dextrans (such as B-1112, -1192,

made with 1'("1@!,111(:1,;3(:

5047
ranose unit of alpha conficuration. The other chem-
ical and the plivsical CI]?I"’K(‘\(TISUCS of the dextrans
cover wide ranges of values, as is shown in Tabile I1..
The 1,6-glucosidic linkages constitute from 30--0797
of the total linkages. As determined by periodate
ovidation-renction analysis, the non-1,6- hn.\af es
are of two types, the 1,4-like and the 1,3-like. Either
type may coustitute all or only part of the to u{l non-
1,6-linis.  The intrinsic v iscosity, solubilily and
nzture of the dextran precipitates, like all the other
dextran plolwrtn s, constitute continuous spectra
ol values baving small increments of variation, yet
differing widely in the extremes. However, definite
m;tuml types anong the dextrans are indicated by
the rectirr cm ¢ of certain combinations of proper tics
in dextrans {rom different straiis.

Classification of Dextrans.—TFrom the different
types and proportions  of glucopyranosidically
linked units present in the various dextrans, as
determined by periodate oxidntion, it is clear that a
great range of structures is represented in the dex-
{razn class of polysacebarides. A convenient separa-
tion of the (lcxtmz'&, into three classes has, nevertlie-
less, been made using the periodate oxidation-reac-
tion data (fo'f) ¢ I1). The differentiation of these
classes depends primarily upon the content of 1,3-
]z i linked units.  The demarcation in content of

ya-like linked noits for class A was based upon the
l'um. of positive detection, 297 instead of 07, Tor
class B, the actual proportions of the 3 types ‘of inks
i the dextrans detenmiued the point of division.
Claszs C dextrans, with a few exceptions, had s
mificanily Jugher contents of 1,3-like links or icver
contents of 1,6~ than those of class B. Those dex-
trays found to be separable into components belong-
g different Clmku have been grouped sepa-
ratelv.  Data on these dexirass mxm(n thair aior
components wre shown at the end of Table I Al
thougl ot present, dextrans from (ual) G strains have
Leen show'n to be structuroily hete ogeneous, we
belicve that further investigation of & number of
‘1f3;5, —LJF_)_L
and 13747 would reveal a similar complexity.

TasrLe 11

CrassipicarioN or Dexr TLANS
Carbou atoms of AGU juvelved in gluco-

pyrane, “xdu‘ linkases
C Cy . .
Cy (or Cy (or Cyand G (or Crand Co)y No. of
and o) and Ce-like and Cy-like dentranus

Designation® and percentage of linkages

Class 1,6 1,4-like 1,5-like
A G7-30 0-30 0-2 47
b a5-85 0-8 36 15
C Ra~-56 0--36 >0 28

Moeleeutarly heterogencous dextrans which 6
bave been fractionated into major compe-
seuts belonging in 2 or imore of the other

clases, vespeetively,
e The sigailic

P
VIOS .- "

ance of the term, ““like,” has been stated pre-

The Inwest value for 1,1-1ike Einked units 1 deox-
trans of classes A aud B, 27 (Table 1), is wvithin e
p recision of onr nnalytioa] ]nnau".uu. Furthermore,

: has lveads Deen shown for B-012 dextrun, othor
dextrans in these olasses mighi oppear by poriodaie
rtion proceduics Lo Have Codiuitts of

LRI
oxid. U CT
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Tig. 1.—Correlation between specific rotation and coutent of 1,3-1ike linkages in dextrans: @, rotation observed in forma-

1

mide; 0, rotation observed iir 1 A potassium hydroxide and caleulated to formamide by assunming that all dextrans show
the saume difference in rotation in thicse solvente as do dextrans B-512 and B-13553.

these links thun are actuallv present.
the lTower Hmit for 1,4-like links
in Table T1.

This mede of classification, although restricied
by the limitavions of the _»cuodutc oxide tien method
of structural ane dysis,™ is adequate for the present
and permits extension in the future, Specific 1“"“t1~
Beation of the non-1,6-hukages will permit niore
accurate classtfication of the dextrans, As \...U be
>hm\n w a later section, the tvpe of ink destenated

1,3-like already appears to include more than one
Kind of structwre. The savie might also be found
irne for the 1,4-like tyype.

Therefore,
s s indicated as 095

Correlation among Dextran Propertics
Lmlr:;; s.—-The arrunganent of the dextrans
withitnr the elasses in the order of decreasing content
of 1,6-links and inereasing content of the non-1,6 1s

suggestive of an order of inu‘cusim" degree of
brancl Heawever, the periodate duta provide
no dircet evidence for this .»zAtcr]m taticit. Non-te
dieing ond groups are not diflerentiated from w SHE
within the chain linked th;oug;n Cy and C;. The
non-1,6 o] vnits merely dndicate tiwe maxim i
proportion of branuch points possible, but seme ur
of Lhun may e m‘x s within a mus 1., 911;[ t
chuin. However, mr-n ivlation data fm B-312 dex-
tran®! and for severs! other dextrans, ' prove s
non-1,6-Iinfted units to constitute branch pomts.
Spuecific Rot mou.‘——f e specilic rotation of dex-
trans ditfers with the solvent.’® - Thus, B-312 dex-
tran showed values o7 189, 203 and 2157 in water. |
N potassivm hydroxide and formamide, respoe-
tively. Rotadons in formamide ranged {rom 20>

(I6) Al rotations referred to are positive and were obtained n
formensde nnless stated othe wise
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to 233° for the different soluble dextrans, and from
203 to 232° for those dextrans tested in ]mtacmnn
hydroxide, Though not recorded in Table 1, vota-
tions in water were measvred for a few dextran
with 196° the lowest value abscerved. None of our
dextrans had specific rotations near those of 1807
in waler®1%83 and 18G-100° 1 alkahi™* ™3 reported
for somie dextran preparuations.

The rotation, 215 == 2°,%% was characteristic of
the great majority of class A dextrans which had
more than 737 1,6-linkages. Thus, variation of
1,G-linkage content hetween 97 and 765 and of the
1,4-like between 2 and 249 did net appear to in-
fluence the rotation.  This might have been ex-
pected from the fact that the k;n(mhﬂ rotation of
starch in.water, +200°, is cﬁ\umdlh the same as
that for B-512 dextran. Dextrans of classes B aud C
had no characteristic rotation, but usually the rota-
tion increased preportionally with the content of
1,3-tike linked units as is shown in Fig. 1. ]

Howevcr class A dextrans having 1,4-like Huk-
ages 259, (C\rcmm" R-1344 de\t,un) showed ro-
tations significantly higher than 215%. - This wa
truc also of the simila rly eomstituted fractions {rom
B-1299 (heterogencous group) (Fig. 1), It appears
that the high rotations of these dextrans and dex-
tran 1r'1r‘h()ns are related to the prosence of 1,3-like
linked uvnits which, as is shown in the follo\\ ing
section, have been detected by infrared absorption
analysis but not by periodate oxidation. There is
poad agrecnent between the rotations and the con-
tents of 1,3-)ike hinked units estimated from the -
frared spectra of all these preparations except B-
120% and B-1209L.  Ior these two substances, the
rotations are so high as (o suggest e mfinence of
some additienal and unidentihed factor,

Ro(atious 1;‘:1mc.d111_\,' lower than 215° were
shown by a few class A dextruns,  Pextran B-1187,
with rotations 212 and 1907 (water), 15 known to
contain sowme 3,3-like linked units but no detected
fructose. Dextrans 13-1225 and B-1224, which were
vroduced from  dextrin by .‘1({?/\"):!“(’! species,
showed rotations of 208 and 212%, respectively.
Our rotation for the 13- 1225 dextran is i agrecinent
with that previously reported by Hehre ™ This
dextran, as well as the dextran fraction, B-712L
ficterogencous group; which also showed (1 rota-
Hon of ‘)1:"’, was outstandingly free of 1,3-hke
an(*(] mnts. Absence of this type of 111:\ 1“‘“ ht
ifso aeconrt for the rotations, 211-2127, shown by
several otlier dextran fractions.

Inlrared Spectra.~-Infrared absorption analysis
rovides further evidence of thie presence of a dis
mictive structure i dextrans which show 1,3 hke
ks by periedate analysis and/or rotations liehier
tiam wbout 212 £ 9%, Pextrans were differentinted
v Buarket and \IL‘\) vas Uvpe 17 and Type
7 according 1o whethier they showed Littde, or ap-
f wiable, abs orpuon at 124 g From the -
frared »m\m ptiont spectra of destrans, Nolvin, ¢f ol

W ohave caleuluted ihe percen of Tvpe I
Trietnre present® and from these vl tb( per-
“tages of 13-hike Mk an the doxtrans ,'sx ¢ been
cbvnated. These procedures utilized  the faets
SVCRC Merhot and B H AMelvia, Seiveeo, 116, 516 (1652)

CESOLHL Muelvin e all, data in preputation for pebication,

Sy
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thot our dextran preparations, B-742L, which
shows no 1,3-like linked units by pericdate analysis,
and B-1353S, which shows the highest content of
these links by periodate analysis of any of our prod-
ucts, are modcls of the infrared Types I and 11, re-
spectively.

In ‘Fable JI1 are shown some representative
values of 1,3-Iike linked units obtained by pertodate
oxidation and by infrared analysis. These values
establish direet, quantitative relationship between
the contents of Type IT and of 1,3-like linked uvnits
in most dextrans.

TanrLe 111
Conrent ov 1,3-Like Lixken Unirs ix Dextraxs, CaLcuo-
LATED FROM PLERIODATE OXIDATION AND FROM INFRARED
ARSORPTION Data
1,3-Like liuks, 7

Dextran —
NRRL B- Periodate® Infrared Type 11
A 1140 0(3) 3

512 : 0(3) 5
1308 0(2) 3
1197 2 2
1225 0 0

1383 0(0) 4
1382 0(1) 2
1424 0 (0) 5
1402 0 (0) 5
1298 0{0) 6

B 1103 3 T4
611 3 2

S 1387 3 4
14107 3 b
1853 4 4

C 1351 11 11
1139 12 9
1385 10 (13) 14
1118 21 5
1192 18 18
1191 14 18

5::.5” 24 2
1121° 33 11
1433% 7 b
1140* 40 0

Heterogeneous-dextran group
7421, 0(0) 0
128 26 27

12001, 6 7

19065 0 (0) o
13558 - 35 35

o Values in parenthees were obtzined by making the indi-
{i’.x:ili(m for purin(}:atc reduced at 47 iastead of ot
b This is o of the dextrans whiclt showed cithinseed

infrined absorption at 10.6 and 12.2 4.

Most of the elazs A dextrans histed in Table TTE
are ones whose pereentages of 1,5-dike linked units
us determined by pertodute analysis appeared low;
others not listed also showed detectable Type H
:1‘.";<|1’l)‘.inl Yor eluss A dextrans having more thap
R ] fi-linked units, asreement between poeriodae
and m‘xsu(l anpteses was within the preoision of

the nietliods, cspecinlly if titration for pericadaic
weas made at 40 (Table 13, Vor mwost clags

dexdrans having 7504 or less 1,6-links (. »HIT

P24, - 102 and - 1209R) the differeices were grentel
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and were not rummatcu Ly 4° titration, This 1s
true also of dextran fraction 13-12903, hut not true
of B-12001 (beterogencoss group).

With a fow exceptions, the dextrans of class C
and the heterogeneous grotip showed good agree-
ment betweon coutc:mf‘ of 1,2-like linl ‘cll units as
shown b\'; r"iod' e and by tifvared analyscs (Table
III). The main ¢ \cumrq was the water-tnsoluble
dextran, B-1149, which showed no Type 11 absorp-
tion, bl.t siightly greater 07)\0*‘[)11011 at 10.6 and
12.2 p than did m" trans of Types T and 1[ cveral
other water-insoluble dextruns (B- 11“ , 3, -1118,
-1433 and -1431) showed this new absorption in de-
creasing amounts and in addition to some Tvpe 1J
absorptiox. (table 1II). The rotation of most of
these dextrans was higher than would be expected
from periodate analyses (see Fig. 1).

The correlation amonyg data from periodate

[

>

oxidation, o,)'mu rotation and infrared absorption
-appears to indicate that in most dextrans the 1,3-

like links are identical; possibly they are the 1,3.
However, a different strvcam- not distinzuishable
from the 1,3 by periodate oxidation appoars to be
present ju a fevs dextrans,

Intrinsic VJ"cos,ty -—The intrinsic viscositiest?
show a wide range of values in each class and an
over-all range of 0.15-2.0. Even the highest of
these viscosities are rclatively low for palyoers of
such kizh nmlccumr weicht,  In both elasses A and
C, the mfaxiunum in the aumber distribution of
intrinsic viscosities was in the range 0.85-1.10. In
class A, there were more dextrans of viscosity be-
low this rasnge than above it, but the reverse was
true for class C dextrans.

No consistent trend appesrs in the viscosity val-
¢ as the proportion of 1,6-huked units decrenses

ues*
{Table l) If 1t e assumed “hat this decrease cor-
yespends to increased branct sing and that the fre-
q: *“1111\ observed proportionality between hinearity
and intrinsic visoosily bL 1:,)1.("11)1(' to these dex-
traus, a trend toward loser viscosities ghould be
cvident.  Likewise cor mm\ 10 ll'“(‘[)" oy 1& ous, the
distribution of viscosities it classes A and C would
be expect ted to conform to this proportionality
Hetween linearity and viscesity., However, the in-
fiuence of branching might he obscured by varia-
{ions in particle weig ‘hte.

There zppears to be roush proportionality be-
tween the content of 1,0-Iuls and viscosity i1 the
gerics of [ractions from dextvans B-1251 -1355,
~1408 and -1501, respectiv ‘)' (L«Mv I, helerogenc-
ous group). Hawever, this is not true for the B-742
fractions. The known particie w ceicht of B-7421 18
so high as to preclude size as the cause {or its ox-
CCpt":.l"H" OV VISCOS 1*\' i

These ohservation sermit no  generalizations
concerning tlic infltience "‘f the type aud pronortion
of 1,6-links o the viscozity of dextrons in water.

'lhc highest viscosities ehtuined were for vater-
insoluble destrans in 1V potassiui hvdroxide (13-
593, <1433 and <1451 Pable 1C). There is irsuf-
ficient information tn cetublish a positive rale for
the solvent in producing these high viscosities,
The fact that for o few waler-soluble dextrans the

(48 Intiinsie viscosities in water are refereed (o unless stoted other-
wise.

{50y . Fiellioan, sivite comctaizatio

Munvin, Ausrin, CLUESKEY AND RIST Vol. 76

intrincic viscosities in 1 N potassiun hydfoxide
normally were only 1.9-1.4 times those in witer,?
would indicate a value in water of ahout 2.2-1.% .
{or r_fy.\'frm 13-1435.  This is significantly higher
than the intriusic viscosities for any 0‘ our dextrans
excepling }’~1.;‘)1 (class 1}).

Shape " Factor—Gum Pxorerties.—fl‘hc concen-
tration dependent puldlﬂt.t r of viscosity, &, which
iz ehiown for the dextrans in Table I, was defined by
Siimba and shown theorctically to depend in a char-
acterisiic manner on particle shape, the solvent e
viromment  and  molecular  weight** Branched
malectles appear {o have higher I«l vatues than hin-
car molecules. s Values in the range 0.36-0.77
were derived for molecules of lowest dumty erich
as those t'rnuld like or randomly coiled in shape,
and 0.G4-2.2% {for the densest or spherieally shaped
oncs. ¥

Specific deductions concerning particle shapz
cannot be hased on the values re pnrtul here since
several factors whicl influence the b paramcicer
have not heen measured for cur dextrans. How-
ever, for this extensive series of polysaccharides, it
Qu*n s jushifianble to point out that the & values are
all wﬂhm the Limits caleutated by Simha, and t’m?
definite relationships cxist between & and certair
other datu for the dextrans.,

The k;y values for our dextrans make up a continu-
ot series.  In this series, the dextrans do not ocanr
randomwdy, but group U.umelv s at definite posi-
U“‘ according to their percentage of 1,6-links
to the characteristios of their gurs or precipiia
LI‘:g, 23, The boundaries of the groups encomn
dextrans having comparahle guus or precipiictos
(Fable 1V), and wore drawn arbitrarily to show the
relationshins most siimplv. Groups have been ¢
divided when dextrans of dass C showed &y v
and properties conmpurable with th of clusses A
and L (\g{n:up 3a, ob and 1a, AIC) or when dex
within clagses A and B showed sigmificantly differ-
ent propertics (gronps 4a, 4h and 34, 5h).

Db\frmq n croups 2, 3a, 4a and 4b show very
hositogenecus and rm‘muwe properties, renpo
il\rC;), o8 s well as relative 'y parrow ranges of in-
trinsic viscosity (Fable 1V).  Croup 2 is comp
almost exclusiv cly of fractions of dextrans having
the lowest of all our viscosities. Dextrans of grouns
B and Ao show wide ranges in vizeozity and severn
types of gus. Several of the dextrans jn o I
short quims, but others showed stringisess (B3-1-03
-14 1.‘, -1392 and wspeciadly -1127).0 I grovp 4u
tw;:( are gums which were long (B-1377), sto

(B-1374 end -1 : fimid and stringv
-1 150 aud -1523), s well as shorie Al the
Jving Jong or siringy gums had 7y values i t=“~
oe 0 70-1.1, and all except one in the range 0.50

r
b

and

.
-

raus

A
{1

ratge
1.1.

Aost of the other dextrans listed in Table T hut
not 'J uded v ¥ir. 2 also fit into ope of ‘z‘x‘.f" 0
toblishied groups.  In several eases, laLk v

forinity revealed the 2y vahue to hav e (-cn i
Sevoral other values appear q‘!c:\{i( RE z“‘ HETHIUR R
dextins shawed no charocteristios of the gt
in whiclt they would fall (for exaniple, B-1414 i

5. mist, Gl

(51) J. B, Clesicer, k. J- ‘Dimlcr, 3. B Fisher and SO 1L 2
strazts Do ,ﬂr‘ Am. Chem. Soc.. 124, 40 (1453),
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procipitates.®  The classification
kev to the group dasigna

tions is given iu Table 1V,

® For a few dextrous, the properties of the precipitate aareed bet

sroup where plotted.

*.'L B 1443 i1 !(\ However, we do not wish to
' ; the expectation that the group demarcntions
1 F"g. 2 veill old rigidiy for oli dextrans, Lven for
our own differcnt preporations of dextran irom
strains B3-512, -742 and -1146, respectively, the £
vafees showed a variation of about £:0.10.

Relationshins between the Sirzins and Dexiran
Co.x:..z:rcg. and  Renrpuuabdility of
D: itran Properiies—We have fowid that for many
centrans apporently exact reproduction of results
was obtained in repeated preparations sud that, for
many of the strasus, modific itions such s those in-
dieated in the Experimental section ccadd he made

st culturing conditions without detectable chaiges

1y

Py aper e,

‘This is indicated by an arrov: {r¢m the plott

o
o

—Relativnhips among & paraoeier of water-soluble dextravs, per cent. of 1,6-links, and nuture of the dextran
of the dexirans is indieated byt @,

A; 0,1, A, C; B, heterogencous dextran group. The

ter with 1those of an adjacent group than with thozc of the

ed point {o tire destran nwuaber,

Under other condi-
n afew strains have shown desi-
)ute v::ru jous wiuch might have resulted from
more critical modifications in culture conditicis
or from clinnges in the culture jtself or from differ-
euces in fractionation duw ing purification of
dextrans.  Thus, our first prepara tons of B-5
and of B-742

‘ul‘i‘inf* i the dextrans.®
tions, dexirans fror

-742 destrans gave evidence of litide or
no 1,3-lite links, X in contrast to the much hi
conténis of the corresponding preparations repoy
hiere,

The structure
dextran wos
cated by

of our first preparation of B-742
in excellent arrecment with that indi-
methylation-stractire analysis on dex-

TavLe IV

CorRELATION Or DEXTRAN PROPERTICS wiTit DATA Snrows 1y Fra. 2

. Class of Appearance of dihudr
Lrenn deatranss Nalure of dextyan precipitate? {1} (water, 25°) agucous solné

! A, B V', cohesive, fough, short gum 1.16-0.57 V., turbid

N A C Fioe or flac. pet. 0.47-0.19 Marked Llaish opalescerce

e A, D I'ine or floc, ppt. 1o crumbly or dense short guin 0.86-0.47 V. turbid

W C Floc. ppt. o crumnbly or dense short gum 1.36-0.5) V. tarbid

T A B Loug, soft gum 1.28-0.95 Sl opalescence

ih AR Uniquels cohesive, siringy gumn 2.00-1.62 Sl ooprdescence

te A C Long, stringy or duid 1.36-0.- Cloar to sl Guabid

gt AR Short or stri g 1.20-0.50 Turhid ar sl opoiescencn

b A B Tloc, ppt. or it gomn 1.03-0.87 SLoto v, !

DDk ar thele e cale [ the heteranens SUS LIGAp TR included in thiir rospretive clas EOhaerved when

Sremtied from cgieots selution e ethaanl of A5

=it g coneontration,

¥t

< Approximudely -7 concontration.



trant from this same strain.’%*? Qur subsequent
preparations front this stroin have containcd 2 dis-
tinet structural tvpes of dextria, one of which (frac-
tion 1. or L-R) apparently was identicai with pre-
vious preparations and the other (fraction C or
S5-R)* was an entirely new tvpe having a high con-
tent of 1,3-like links. Characterization of dextran
products [rom 12 differeat colonies picked from o
plated culture of B-712 failed to reveul evidence of
vuriation or mutation m the culture. These prod-
uets had somewhat daferent proportions of the 2
structural types, Dd-huks from 2070 and mtrin-
sic viscostties near 020, The pl'(”p'xr’lt?u‘ reported
in Table T (heterogenecus group), wlich was ob-
tained from a large-seale fermentation of the orizi-
nal cuiture, had a higiier content of the anomalous
fraction dn(‘ therciore, showed lower 1,6- and
higher 1,3-like inkage contents and higher viscos-
ity and rotatmn. ‘

The strains B-742 and B-1142 (class C) had
common origin but different subsequent histories.
Cur B-1142 dextran consisted almost exclusively
of the anomalons fraction.  Appurently these cule
tures have been changcing, B-1142 more than 33-712.

{52) Published infurmationt was the busis for ouv identifying strain
NREL RB-7425 (“numb of IHucket!? and “eultare 47 of Ta
Hibbert?) with the strain whose dextran was sul
strucl{ure analysic hy Levi, ¢/ 6¢l.it  Another so
1. Levi, MeGill Ui
tion sludy was made e dentoea from cither

ted to meth
ce (Ph.D. thesis of
rsity, 1012 now has disclosed that this meth

I I

‘.uﬁ\u 1

K (‘C":’. U

Vowler,ef ol % aud later TU ML o ans (Pa. D, the iy

1241), carricd out nieibylationstructure analysis on dextran from “'cui-
turce 47 but obtained rosults adwose de
Levi, €f al., on the other dextraa.’!

wilest withe those obtained by

2 <, W, AMaivor, G. REATIIOUSE oo, AL AL Scnwartz anp M. HARRIS n
©a0E2 FoW. Axor, G AL GreEamiiousk, H. G , A AL S M. H Vol. 74

A similar change in another strain is indicated 1,
pubiished data'* and by our results on dextrn
from tins strain (],-‘...3 Lable 7, class C).

Bacterisl Classification and Dﬂxnan Type..—Tu
fact that methviation analysis gave no evidence .
branching in dextrans from 2 strains of Leuav;,n
stoc dextranicm™ ¥ has led to the apparent ¢
pectation that all such strains would produce ¢«
senually a straight-chain type of dextran®t (o
observations indicate that although several of an.
strains of Lo dextraiicum prodiaced dextrans wil

\ s of non- 1 L1 and long
3640, ~114 “rni - 11461, others produce

¢ of non-1,6-link=
-1141 and -1373).  Dextn
o 1,6- h,m bre short gun.

ACI powledrment.—We should like to exproe.
owr gratitude 1o the mumerous individuals and o
ganizations nomed in Table 1 who gave us cuin
utitized in this tmvestigation.  We are deeply i
debted to Dr. J. Helire for advice and encon-
agement and to members of this Laboratory, s
follows: D, ROT. Milner {for conrdination of Gins
project; C.FL vanEtten, A MeGuaire and NMarv
Weile for the nitrogen, phospliorus and ash anaiy -
ses; and Lenora J. Rhodes and Geraldine Bryamt
for assisting wilh production of the cultures and o/
the media, respectivedy.

(a3} 5. A, Barker, . J. Baurng, G. T. Bruce and M. Stacey, Choni-
ssiry end Tudustry, 1155 (1932).

(54) 8. AL Taures and I 1 Bourne, Quard. Rers. (Londow), T, 20
(1955,
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L363. FIBROSARCOMAS INDUCED BY MULTIPLE
3UBCUTANEOUS INJECTIONS OF CARBOXY.
METHYLCELLULOSE (CMC), vCLYVINYY . ™yq.
TOLIDONE (PYPYL AND POLYOXYETHYLENE
SCRBITAN MONOSTEARATE (TWEEN 685,
~an M. Lusky and Arthur A. Nelson intr. by
tarold C, Hodge). Div. o Fharmacologv, Foog

ke

ind Drug Admin., Dept. oi Heultn, Fducation

Jeltore, wasminzion, D. €. T

Troups of rals each recelved 1 ¢t weekiv suxy.
ranecus inmections of one of the [ollowing aquccus <oy
tions: CMC, 20 PVP, €5: Twesn €0. 6%, devtran
# 0 0r sodium chioride, 6.5, Zach group of 36 rus
was made un of 20 Osborne-Mendel evenly divized oy
sex, arnd 10 Dethesda Black males. Afier 73 wk th
total number of rats wiint injection gite tumors wis
IMC, 13 or 42%; PVP, 13 or 434, Tueen €0, 5or
177« dextran. none; sedium chloride, none. By rat
strain and sex, the total nupiber ¢f injection site
fymors was Osborne-Mendel muaie, 3; Osborne-
vfonael feraale, 6; Bethesaa black male, 16, Wo in-
tluence ¢i the injections on SLOMANENLS-L¥Ne tumor
sroduction was seen, except that & rat on CMC and i
en Tween 60 {these 4 !id nct have injection site
turorsy nad large wntra-abdominal lveiphosarcomas
4e laiter figure 15 higher than would be exoocted. .
;rction of CMC lett persistine deposits of it at the .
taction Sita: thls was Ret evigent with the ofaer wato -
cials. Microscopicallv, the injection cite tumors v
finresarcomas of moderare histological malignancy
Srossly, they ranged in size rom 1.5 em spherical &
10 x 6.5 X 4 em. Hueper (Proc. Ani, g Hed
20120, 1998) has reported FVP w0 be cancerigenic o

rars.

3.,

11 the copyright owner
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Stability of Dextran during Prolonged
Storage

So far as we are aware. no measurements rolating
to tho stability of clinical doxtran solutions kept for
soveral years have been published. Two dextran
solutions made in the Unitod States, 4 and B, and
two made in Great Britain, ¢ and D, were exainined
in 1954, and again aflor storage for 5 yr. at 4° C.
Whore applicable the methods of testing described
in the British Pharmucopaiat wero used. The optical
rotation of each dexiran was determined and used in
calculating the concontrations of solutions for the
viscosity measuroments (Table I). Dextran D had
undergone the most change; the changos in the
others were relatively small.

The ronal excretion of these dextrans was measured
in rabbita (Table 2). The greater part of tho doxtran

. Table 1
I rotati Iutrinste viscosity at 25° (.
Dextran Optica T station e aLe

S
P
@S
A

0-%49 g .:4?
107-7 0:254 -5

g 201-2 0-394 0-388
D 198-1 0-362 0-326

-

Bib No. 684
by permission
of The copyright owner

October 14, 1961 voL. 182

was exrcreted on the first day, less than 3 Per cent
the second and less tharn 1 per cent on the third day.,
‘T'wo, threo or four rabbits were used for each detor;,.
ination and the daily results averaged; Tahle .
records tho totals for 3 days after injection. 7.
rasulis for dextran 4 suggest a change in niolecul,y
composition, but no corroboration of this was founy
in the other measurements.

Table 2 )
Dextran Percentages of injected

dose excreted
1084 1989
A 372 78
B 431 »1
C 185 148
D 169 15-4

The retention of cach dextran in the plasma wu
detormined by taking the average of daily estinatic,..
in the same groups of rubhits (Table 3). During fiv..
voars of storage littlo if any changoe had oceurre-d i,
the doxtrans affecting their retention in the ecirculs.
tion.

Trble 8. PLASMA CONCENTRATION Or DEXTRAX 48 PERCENTAGE oy
CONCENTRATION 10 MIX, APTER INJECTION

Day
Dextrr.n 10 min. 1 2 3 4 5 ¢
A 1954 100 288 117 04 00 00 00 o
1859 100 29-6 152 2-23 08 00 00 ¢
B 1654 100 292 188 368 00 00 00 o
1959 100 300 141 20 08 — _ g
c 1854 100 58-8 8483 123 38 07 —~ e
1959 . 100 610 400 183 1000 — - o4
B 1054 100 605 402 228 128 61 — os
1858 100 566 3887 220 — - 33 1

The difference in molecular composition !
American and British dextrans is well illustrated I
these results. The lower average molecular weight « ¢
the American doxtrans is associated with shoricer
retention in the circulation and greater renal excretic:.
The British dextran, of higher average molocuius
weight, would induce groater aggregation of red cclis
1 vitro® and possibly {2 vivo, too.

m our obsorvations we conclude that duri.
the 5-yr. period thero waa little, if any, change in ti -
molecuiar compasition of these dextran solution: . .
none tnat would bo noticeable in clinical use. 1t :
probable thit any lmitation of the ‘storage ‘lif’ o
dextran solution will bo imposed by defects in ¢
container and its closure rather than by any instala’o
of dextran solution itsolf.

W. p'A. Mavcock

Lister Institute, Elstree. !

C. R. Rickerrs

Medical Rescarch Council

Industrinl Injuries

and Burns Rescarch Unit,

Accident Hospital,

Birmingham.
? Lritish Pharmacoparia (1958).
'ht{?&i‘g;\'e, J., Ricketts, C. R., and Squire, J. A., Ncfure, 168, <
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Metabolism of Orally Administered Dextran
and ‘Sephadex’ Derivatives in the Rat

DEAE ‘Sephadex A-25" has oral hypocholesterolarmic
activity in cockerels and dogs!. This material is thought to
interrupt the entcrohepatic circulation of bile acids by
binding them in the intestinal lumen and enhancing their
excretion in the faeces. DEAE ‘Sephadex A4.25’ is a
cross-linked tertiary amine derivative of dextran with an
average molecular weight of 25,000 and is insoluble in
water and salt snolutions. As such it would not be expected
to bo absorbed intact fromn the gastrointestinal tract.
The possibility that the polymer might be hydrolysed by
intestinal enzymes and the hydrolysis products absorbed
has not, however, herotofore been investigated.
Chemical methods ave not readily available for deteeting
hydrolysis products of DITAE ‘Sephadex’, or of the intact
polymer, in biologieal fluids or tissues. It has, however,
been shown that eral administration of dextran leads to an
carly increaso in blood sugar and liver glycogen in rats
and man?, This is presumably the result of hydrolysis
of dextran to gliucose by intestinal enzymos®. To doterm-
ino whether or not DEAE ‘Sephadex’ is metabolized in a
similar wanner, the hyperglyeuemic and  glycogenic
cffects of dextran and DEAK ‘Sephadex’, together with
other dextran derivatives, were compared in fasting rats.
The oxtent of hydrolysis of these snaterials by homogen-
ates of small intestinal iucosa was also dotermined.
Male Spragne -Dawley rats, 243-325 g, which had been
maintained on a semisyuthetic diet, wero fasted for
24 h.  Animals then received by stomach tube 500 mg
of the material to Lo tested, dissolved or suspended in
3 ml. of distilled water. 4 h later the animals were
unacsthetized with an intraperitoneal injection of ‘Cyclo-
pal’  [5-allyl-5(2-eyclopenten-1-vh)barbituric  acid] and
blood suinples were taken from the abdominal aorta in
hepurinized syringes for analysis of gluense. Livers were
excised, rinsed in saline, blotted dry and weighed. Samples
of about 500 mg were dropped immediately into glass
centrifuge tubes containing 1 mi. of 30 per cent potas-
‘iiin hydroxide.  The tubes were heated in boiling
water for 30 min. 3 ml. of distilled water and 3-3 ml. of
935 per cent othanol were added and the tubes were placed

Parkinson-"'67
Roproduced by permission Bi b No. 772
i tha topyright owner

HYPERGLYCAKNIC AND GLYCOGENIC EFFECTS OF DEXTRAN AXND
‘SEPHADEX® DERIVATIVES IN FASTED RATS

415
Table 1.

Blood glucose Liver glycogen

Material adwinistered (mg/100 ml.) (mg/g)
Distilled water 85+2-7 1-:0£0-33
Glucose 104+ 2.7 681061
Dextran 60-C* 101 +1-8 8-2+1-47
DEAE dextrant . 91+63 5011468
‘Sephadex 625 87136 471197
DEAE ‘Sephadex 4-25" 81146 062037

Glucose was determined in whole blood by the potassium fe 3
potassium frrreeyanide method of HoEfman® ndapwd‘{g the "I‘Whr:iﬂoggn‘a:?ﬂ:
analyser. AltLench this method is sensitive to other blow! raducing sut
atances, normial concentrations of these substances are relatively insiguiticant
compared with ghase levels, T'be results represent means + stundard error
of the mican, ten auimals in each group.

* Sigma Chemiral Company, sverage molecuiar weight 75,000,
t Pharmacia Yine Chemicals, Inc., average inolecular weight 2 x 10°,

Table 2. HYDROLYSIS OF DEXTRAN AND ‘SEPHADBX’ DERIVATIVES RY
HOMOGENATES OF SMALL INTESTINAL MUCOSA
Hydrolytic activity (umoles
Substrate maltose equiv./60 min)
Dextran 60-C 866
DEAE dextran 2-44
‘Sephadex G-25° 0-14
DEAL 'sephadex 4-25° 0-06

Twenty mg of substrate dissolved or suspended in 1 mi. of 0-1 molar mal
buffer p}l 6-0) and 1 ml. of humogenate were Incubated for 60 n:'iu at 37?&
Hydrolytlc activities were corrected for reducing subatances present {n the
homogenate. The results are the means of duplicate samples,

again in boiling water to precipitate the giycogen. The
tubes were cooled in tap water for 10 min and centrifuged.
Supcrnatant fluid was decanted and the glycogen was
dissolved in distilled water. Glycogen was deternined
by the anthrone method of Seifier et al.é using a glucose
standard.

Intestinal mucosa homogenates were prepared from
rats fasted for 24 h. The animals were killed by a blow
on the head and the proximal two-thirds of the small
intestine was excised, rinsed in cold saline and slit longi-
tudinally on an iced glass plate. Mucosa was scraped
off with the edge of a microscope slide and homogenized
in 4 ml. of cold saline per g tissue in a ‘Lourdes’ tissue
homogenizer at full speed for 1 min. The homogenate
was centrifuged for 10 min &t 2,000 at 0° C. 'The super-
natant fraction was used to assay for hydrolytic activity
according to the procedures of Dablqgvist®:s for determining
amylase and dextranase activity. Hydrolytic activity is
expressed as the increase in reducing power equivalent to
1 pmole of maltose for 60 min at 37~ C.

Blood sugar concentration in rats dosed with glucose
and dextran was significant!y increased after 4 h (Table 1).
In animals dosed with DEAE dextran, ‘Sephadex 6-25°,
or DEAE ‘Sephadex 4-25’ blood sugar was not siguiticantly
different from controls given distilled water.  Liver
glycogen increa<ed betweon five and seven times in rats
given glucose. dextran, DEAE dextran, or ‘Sephadex
G-25'. DEAL ‘Sephadex 4:25, on'the other hand, pro-
duced no neticeable change in liver glycogen.  An apparent
discrepaney exists because DEAE dextian and *Sephadox
7-25" were markedly glveogenie but did not increase
blood sugar. On the other hand, in a previous study?
maximum elevation of blood sugar ocewrred in rats 05
to 2 h after di<ing with 450 mg of dextran, and blood
sugar concentration had returned to control values after
4 h. 1t is thereture probable that blood sugar was elevated
by DEAE dexiraa and ‘Sephadex 6G-25" also, but that
this was not detected when samples were taken after
4 h.

The results in Table 2 show that DEALX dextran is
extensively hydrolysed tn vitro by an enzyme preparatinn
previously shown to hydrolyse dextran itself>. ‘Scphadex
-25’, an insoluble cross-linked dextran, is also hyilro-
lvsed, althouh to a much smaller extent, while DEAE
‘Scphadex 4-25 is not affected siguificantly.

These experunents indicate that DEAE  ‘Sephadex
A-25" 18 resistaut to degradation in the intestinal lumen.
It scems unlikely therefore that any appreciable amount



418 .
of this mt‘xwriul could bo absorbed eafter oral administra-
tion. !

I thank Mra F. L. Schmidt for performing the blood
glucose analyses and J. C. Schneider, jun., for his expert

technical aasistance.
TroMAS M. PARKINSON

Motabolic Diseases Rescarch Laboratories,
Tho Upjohn Company,
Kalamazoo, Michigan.

Reovived Ncvember 10, 1948,
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INDUCTION OF SARCOMA IN THE
RAT BY IRON-DEXTRAN COMPLEX
. BY :

H. G. RICHMOND, MD,
Lecturer in Pathology, University of Aberdeen

(Wi SeeciaL Puﬁl

Pathological smounts of iron may accumulate in the
body in & varlety of conditions—for example, haemo-
chromatotis snd transfusional, malnutritional, and
occupational siderosis. 1n all these conditions arguments
for and againgt the cytotoxic effects of iron have becn
advanced, but the possibility that this metal plays any
part_ in carcitogenesis has bardly been entertained.
Therefore, in the belicf that iron was non-carcinogenic :
if not altogether bland, an iron-dextran complex g
(“ imferon,” Benger Laboratories Lid.) was deliberately '
chosen in of to establish a progressive mobilizaticn
or “ hyperpiasia * of histiocytes. This nced arose whea
it had been discovered (Richmond, unpublished
obscrvation) that repeated subcuianeous injections of
trypan blue eommonly induced a pleomorphic histio-
cytic sarcoms ki the rat at the site of injection. By a
collateral series of experiments with a non-carcinogenic
substance it was hoped to detect some critical difference
between a “ hyperplasia " and a neoplasia of histiocytes.
This hope was not rcalized because another crop. of
‘pleomorphie histiocytic sarcomas histologically identical -
with those induced by trypan blue was obtained a8
' detailed below, ,
All the rats belonged to a home-bred hooded strain
in which no spontaneous tumoure of this kind bave
. previously been recognized in this laboratory. They
were fed pn Diet No. 1 (Thomson cube) supplemeanted
with greesds.

4
ig‘
bt

Experimental Procedures E

_ Experlment 1.—~The animals were all adult males within
the weight range of 250-300 g. at the beginning of the
experiment, (a) 40 reccived a weekly intramuscular infection
of 0.4 ml, iron-dextran complex into the right upper thigh. :
Each dose contained 20 mpg. of iron as forric hydroxide in Y
complex with low-molecular-weight dextran. (5 12 received e
weekly intramuscular injections of 0.5 ml. *ferrivenin™
(Benger) under ether anaesthesia, with occasional
interruptions owing to the development of ulceration. Euach
dose contained 10 mg, of iron as saccharated oxide of iron.
(c) 12 received weekly injections of 0.5 ml. low-moletular-
weight dextran. (d) 12 received weekly injections of 0.5 ml
normal safine solution.

Experiment 2~—~The animals were weanling rats of both
sexes averaging 48 g..in weight. (q) 20 males and 20 females
were given twicesweckly intramuscular injections of fron-
dextran complex into the right upper thigh in graduated
dosage according to weight—~namely, 0.1 ml up to 300 8.,
0.2 ml. up to 150 g., 0.3 ml. up to 200 g., and 0.4 ol. thereafter.
This regimen was stopped after three months, each animal
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having received 9.5 ml. iron-dextran complex. (#) 6 :males
und 6 females received corresponding volumes of low-
moleculsr-weight dextran solution.

Results

In Experiment 1, 17 of the 40 animals receiving iron-
dextran complex were killed during the early months,
but 16 of the remaining 23 developed tumours at the
site of injection between the 11th and 16th months
of the experiment. Rats given low-molecular-weight
dextran and saline did not develop tumours, nor did
those animals receiving saccharated oxide of iron over
a period of 17 months. In the last group the injections
commonly gave rise to necrosis which might be
associated with ulceration of the overlying skin and
secondary infection ; collections of sidcrocytes and an
abundant granulation-tissue reaction were demonstrated
on Thistological examination, but no evidence of
malignancy was seen, :

In Experiment 2, tumours developed in 10 female and
12 male rats at the site of injection from six to eight
months after cessation of iron treatment, while those
receiving dextran alone showed no tumour formation.

Histological Observations.—The essential change at
the site of injection of the iron-dextran complex in the
carly stages is 2 progressive accumulation of histiocytes
laden with iron pigment. Previous to the inception of
tumours it has been established from biopsy material
that occasional histiocytes develop enlargement and
hyperchromatism of the nucleus associated with mitotic
activity and other aberrant changes (Special Plate,
Fig. 1). Therefore it is deduced that the neoplastic
process originates in such histiocytes, which gradually
lose their avidity for iron as the neoplasia gathers
momentum. The characteristics of established tumours
vary from spindle-cell sarcoma to a highly pleomorphic
growth including many giant cells and exhibiting
numerous mitoses (Special Plate, Fig. 2). Iron-laden
histiocytes arc distributed throughout the tumour, and,
while some neoplastic cells contain traces of the metal,
the great majority are free from it.

Transplantation.—Metastases were not observed in
the tumour-bearing animals, but transplantation of the
tumour was successful in three of four examples in
which this was attempted. In the first generation the
transplants grew slowly after a lag pariod of four, six,
and ecight months respectively, but more rapidly in
subsequent gencrations. One line is now in the 27th
generation, requiring transplantation every four wecks.
Histologically, some degree of the initial pleomorphism
is still seen in this transplanted tumour, but the growth
is essentially a spindle-cell sarcoma.

: Discussion

From these observations it is clear that intramuscular
injection of iron-dextran complex ‘is -carcinogénic in
“the rat. It is also clear that the dextran fraction alone
is free from carcinogenic activity under the conditions
of the experiments, so that iron is likely to be the
responsible agent. The possibility that this effect is
excrted only when it is in complex with dextran has
_ been considered, but this is regarded as unlikely owing
to the fact that the dextran is rapidly split off after
injection and the iron chelated with protein to form
haemosiderin (Golberg, 1957). The attempt to decide
the issue by the repeated injection of saccharated iron
was upset by the occurrence of necrosis and ulceration,

necessitating interruptions in the sequence of the
injections.  These findings in the rat following the
injection of iron-dextran complex have been confirmed
in 2 small series of mice at the Chester Beatty Research
Institute (Haddow, 1958).

The clinical significance of these observations ¢annot
be assessed pending an elaborate study of the many
factors involved. The iron-dextran complex has been
widely used in the treatment of iron-deficiency anaemias
in adults (Scott und Govan, 1954 ; Cappell er al., 1954 ;
Baird and Podmore, 1954 ; Jennison and Ellis, 1954 :
Scott, 1956) and in infants (Gaisford and Jennison,
1955). The amount administered in the sdult human
subject will vary according to the need of the patient,
up to 54 ml. being recommended by the manufacturer
for a patient weighing 180 1b. (81.64 kg.) with an
observed haemoglobin value of 50%. ‘Against this may
be contrasted the volume administered to the rat—
namely, 17.6-25.6 ml. in Experiment | (a) and 9.5 ml.
in the younger rats of Experiment 2 (a). Therefore
it will be evident that the dosage used in these
experiments is relatively massive—some 200-300-fold—
when compared with the therapeutic dose—for example,
20-40 ml. for a 70-kg. man.

Hitherto iron has not been proved to be a carcinogenic
agent, and this finding may have some wider
implications. For example. frequent reports appear in
the literature concerning the high incidence of hepatoma .
supsrvening on the cirrhosis of the liver which is
associated with haemochromatosis. The usual incidence
of liver cancer in relation to cirrhosis of Laennec type
has been placed at 3 to 7% (Anderson, 1957). In
contrast, Warren, and. Drake (1951)  reported. the
development of hepatoma in 189 of their cases of
haemochromatosis, Stewart (1931} found an incidence
of 10% in 151 collected necropsy cases of
haemochromatosis, and Willis (1953) found three cases
of hepatoma in seven necropsies on patients suffering
from haemochromatosis. These figures suggest that
there is a special tendency for the cirrhosis of
haemochromatosis to undergo malignant change as
compared with cirrhosis in general. While Edmondson

 and Steiner (1954) helieved that the difference might be

due to patients with haemochromatosis living longer
than patients with portal cirrhosis of Laennec type, the
present experiments suggest that gross iron deposition
may well be the factor responsible. Incidentally,
Branwood (1958) has investigated 100 examples of portal
cirrhosis, of which slight to gross deposition of
haemosiderin in the liver cells was observed in 33 cases.
Hepatoma supervened in six of the 100 cases of portal
cirrhosis, and all six were included in the group showing
haemosiderosis.

The evidence submitted also suggests that iron may
be the important causal agent in the dcvelopment of
pulmonary carcinoma in haematite miners. The rising
incidence of pulmonary carcinoma in hacmatite miners
was pointed out by Faulds and Stewart (1956), who
found 17 cases of carcinoma of the lung in 180
necropsies (9.4%). These lungs contained silica as well
as iron, but there was no similar incidence of pulmonary
carcinoma in ccal-miners dving of silicosis in the same
area of West Cumberland, nor had this been reported
from other coal-niining areas. Faulds added more
information in 1957 with regurd to the incidence of
pulmonary carcinoma in haematite miners, making it
clear that the only other silicious trades associated with
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an increased incideuce of carcinoma of the lung were
ashestos workers, moulders and fopndrymen, and
shromate workers, and pointing out that asbestos and
chromate contain varying amounts of iron in their
chemical compébsition. In this context there is further
support from the work of Campbeli {1940, 1943), wha
exposed mice of a strain susceptible to lung cancer to
an atmospherc laden with ferric oxide. He found that
32.7% of the mice exposed to the dust developed
twmours of the lung compared with 9.6% of the
controls, while mice exposed to a mixture of silica and
ferric okide showed a tumour incidence halfway
betwean these figures (19.45).

Mode of Action of Iron—It has been observed that
the histiocytes at the site of injection and elsewhere in
the body (for example, Kupffer cells) contain, in
addition to iron pigment, globules of a HKpofuscin
pigment of ceroid nature. The development of ceroid
throughout the tissues of the body is one of the
characteristics of vitamin-E deficiency (Mason. 1944),
and in recent experiments Golberg and Smith (1958)
have shown that the ceroid developing through iron
overload can be largely prevented by supplementing the
diet with e~tocopherol. It may therefore be inferred
that one way in which iron infiuences intracellular
metabolism is by blocking tbe antioxidant activity of
vitamin B and possibly other antioxidants in the ceil.

1

‘The destruction or interfercnce with these natural

antioxidants allows oxidation of unsaturated fats to
form the yellow pigment which is termed ceroid
{Casselman, 1951). It remains toc be shown whether
this action of iron in the cell has any relation to the
development of malignant change.
- i e

) Summary .

In the adult rat weekly-repeated intramuscolar
injections of iron~dextran complex induced sarcoms at
the site of injection. A bi-weekly scries of similar
injections, begun in weanling rats and stopped after 12
Weeks, also induced sarcoma at the site of injection
some seven months later. .

1 with to thank Professor 1. S. Young for eontinuous
encouragement and advice during this work, and Professor
A, Haddow for a helpful discussion and the personal
communication of his observations on the mouse. My
thanks are also due to Mr. A. Bodie, senior techniciam, for
his co-operation, and to Miss E. M. Gillics. who carried
out much of the technical work. Mr. W. Topp kindly
supplied the photographs.
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Biosynthesis of the C1*.Labeled
Form of Dextrant

Norbert J. Scully,2 Homer E. Stavely,® John Skok,?
Alfred R. Stanley,® J. K. Dale,® J. T. Craig,?

E. B. Hodge,* William Chorney,?

Ronald Watanabe,? and Robert Baldwin?®

Argonne National Laberatery, Chicago, Ilinois,
and Research and Development Laboratories,
Commercial Solvents Corporation, Terre Haute, Indiana

Dextran is a polysaccharide, made up solely of glu-
cose* units, produced by bacterial fermentation of
sucrose. Only the glueose portion of the sucrose niole-
cule is utilized in the biosynthetie process. Dextran of
suitable molecular size and purity is currently of in-
terest as a synthetic plasma volume expander, par-
ticularly for use in event of large-seale catastrophe
in which natural blood plasiua supplies might be lim-
ited. Dextran has heen tested clinically with suceess,
but its metabolic fate in the body is inadequately
known, since the best analytical procedures ageount
for only ahout half of injected dextran. It was con-
cluded that these metabolic questions could best be
resolved through the use of an isotopically labeled
form of dextran.t

1The experimental work was carried ount in the Division
of Biologlenl and Medical Researeh, Argonne National Labo-
ratory, under Contriact No, DA-49-007-MD-102 between Com-
mercial Solvents Corporation nnd the Office of the Surgeon
General of the U. 8. Army. The authors are greatly indebted
to Weldon Brown, University of Chicage. and to F. H.
Schultz, Jr., Commercial Solvents Corporation, for their In-
terest, encouragement. and conunsel. They also acknowledge
the able assistance of Lt. Col. E. J. Pulaskl, Army Medieal

_ Center; Phillip H. Ahelsom, Carnegie Institution; Walter L.

Bloom, Emory Unlversity, and A, M. Brues, Argonne National
Laboratory. in planniug variou~ phases of this project.

? Argonne Nativnal Laboratory, Chivago, Nlinais,

3 Commercial Solvents Corporation, Terre Haute, Indiana,
The tollowing Commercial 8civents Corporation personnel
also mesisted with various phases of the program: Robert
Cundift, L. R. Jones, and Dona Uraam,

The metabolism studies are belng conducted Ly various
{nvestlgators, at the divection of the Subcommittee on Shock,
Natlonal Research Couneil.
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Argonne National Laboratory and Commereial Sol-
vents Corporation, at the request of the Office of the
Surgeon General of the U. S. Amy, and wider the
direction of the Subcommittee on Shoek, Natioual
Research Council, cooperated in biosyuthesizing C'-
labeled dextran at two different levels of aetivity, one
designed for use in animal experiments. the other for
human clinjcal experiments. Sinee 1049 the Reseapeh
and Development Laboratories, Commereial Solvents
Corporation, have conducted a dextran research pro-
grass and at present have developed a suceeasful
clinical grade of dextran. The present report outlines
the experimental procedurrs and results inecident to
the successful completion of the biosynthesia program.

Essentially, the problem: involved the bioaynthesis
of labeled C** sucrose, followed by the bioeynthesis of
labeled dextran through fermentation of this sugar.
The quantity and abselute activity of labeled dextran
required for proposed laboratory and clinical experi-
ments necessitated the handling of approximately 0.3
e of radiocarhon. In order to determine the adequacy
of both propnsed experimental equipment and pro-
cedures, a small quantity of low absolute activity C*
dextran was biosynthesized. As soou as these studies
were evaluated large-seale biosyntheses were initiated.

C™ gucrose was biosvathesized by allowing earbo-
hydrate-depleted, excised Canna leaves to photosyn-
thesize in the presence of C'*0, in a 38-liter her-
metically sealed, leaf-chamber system.® Thig plant was
selected because of its reported high efficiency in con-
verting C'0, to sucrose during photosynthesis {1).
A total of 309.7 me of CYO, was generated from
BaCH0, in eight experinents employing a total of
30 leaves, weighing 203.8 g fresh. The separate photo-
synthesis periods varied from 6 to 24 hr and resulted
in fixation of 308.0 me in the leaves, or 99.4¢; of that
generated.

A total of 175.2 me of C? sucrose was biosynthe-

F16. 1. Radionutograph of paper chromammgram of five
separate Iot< of CU guer ¢ showing their lack of contamina-
tion. Paper partitlon chromatogrammed for 48 br at 20° Cc
with BuOH : KtOH:H.0033:5:301 as irrigating solvent.
Radioautographed for v days using Eastwan No-écreed X-ray
Alm,

s The detalled experimental methods utilized for the hio-
synthesis and fsolation of C* sucrose and other plant frae-
tiors from Cunna leaves are to be presented elsewhere.
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sized. A total of 7418 g of pure carrier sucrose was
added to the inolated carbohydrate leaf extracts, utiliz-
ing the ixotope dilution technigue, and 681.9 g of
erystalline suerose containing 168.4 me was obtained.
The average activity was 2459 uo/g of sucrose, and
the average suerose extraction efficiency was 96.1%.
On the basis of the total quantity of C'* fixed in pho-
tosynthesis, the over-all efficiency in conversion into
sucrose was 56.99%. With certain individual leaf bio-
synthesis runs, the suerose efficiency was as high as
72.1%. Fig. 1 shows a radicautograph of a paper
chromatogram of five separate lots of erystalline C'¢
sucrose and indicates the lack of contamination. Two
of the five lots of sucrose were degraded, using enzy-
matic and mierobiological methods (2), and were
found to be uniformly labeled.*

Tdentical fermentation techniques were employed
for the biosynthesis of dextran at each of the two
different activity levels—namely, 106.8 uc/g for ani-
mal experimentation and 5.68 pe/g for use in human
beings. The bacterinm Leuconostoc mesenteroides was
employed in these fermentations. The medium used
was that described by Jeanes, Wiltham, and Miers (3).
Fermentations were conducted in 1-, 4-, or 6-liter
flaske, containing 300, 3000, or 4000 ml of medium,
respectively, sterilized at 116° C for 30 min, Small
inoculum cultures used for seeding large-scale C4¢
fermentation flasks were prepared with C'-labeled
sucrose, and the entire contents of the culture flask
were added cqually to each fermentation flask. The

fermentation period was terminated during the 26th

hour: : .

Because of the large volumes involved, a total of
seven fermentation runs was necessary, five for the
low aetivity level dextran and two for the high ac-
tivity level material. The native dextran was preeipi-
tated from the fermentation beer with methanol. The
crude dextran was dissolved in water and reprecipi-
tated with methanol. This was repeated scveral times
more for purifieation.

For depolymerization the native dextran was sub-
jected to aeid hydrolysis, the course of which was fol-
lowed by determination of viscosity change. The hy-
drolysates werc ecoled rapidly, made slightly alkaline
with sodium hydroxide, and filtered through n layer
of filter aid. The hydrolyzed dextran was fractionated
and refractionated from aqueaus solution by the ad-
dition of methanol, scparating the material into three
fractions: high molecanlar weight, intermediate (eclin-
ical}, and low molecular weight. Wherever necessary
‘the determination of dextran in solution was carricd
out by the anthrone method ({). )

In the preparation of the dextran for animal ex-
perimentation 303 g of C' sucrose having an absdlute
activity of 114.7 ue/g was fermented. The clinical
fractions from two hydrolyses were reprecipitated
together from aqueous solution by the addition of
methanol. The dextran was dried, ground to 40 mesh

$The anthors wish to thank Martiu Gibbs, Brookhavea
National Laboratory, Upton, Long 1sland, N, ¥,, for conduct.
ing the degradation studies.
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in & Wiley mill and packaged in 1.0 g units. Tie
yield of dry, pyrogen-free dextran of clinical sise way .
25.3 g containing 2.70 me of C4, The specifications /
of the final product are listed in Table 1.

TABLE 1

S8PECITICATIONS OF (' DEXTRAN FoR ANIMAL AND
CLINICAL EXPERIMENTS

Dried Dextraa
dextran in solu-

Characteristic for tion for
buman
use use
Sterility to yeasts, molds, and
basteria - Passed
Avorlg dextrau concentration,
§/100 m! — 6.06
Viscosity of a 6% solution at
£25* O (centistokes) 8.25 2.79
Intrinale viscosity at 25° C — 0.20

Mol weight (wt av by light

seatiaring) 126,000*  82,600*
Nitrogem, mg/100 ml —_

0.56
. —_— 6.55
Re/g om solid 106.8¢ 5.688
uc/g based on carbon recovered
in eombustion 1168t = 6.35%

¢ Determined by E. E. Toops, Jr., Commercial Solveats
Corporation.
t Assayed by Alexander Van Dyken, Chemistry Division,
Arﬂzm.l:atgmnl ll.;borntory.
ssay y K. BE. Wilzbach, Chemistry Division, Argonne
National Laboratory. ’ i o

For the preparation of dextran for human experi-
ments, purified native dextran obtained from the fer-
mentation of 17,800 g of C!* sucrose (5.99 ne/g) was
bydrolyzed in two batches. Hydrolyses were earricd
out in twin cirenlar white-enameled laundry tubs, in-
sulated externally, and fitted with glass coils for steam
heating and water cooling. All exposed metallie sar-
faces were coated with Tygon plastic, and the tuhs
were sovered during the bydrolysis with Tygon plastic
sheeting. Hydrolysates were pumped through Tygon
tubing by means of a glass-lined centrifugal pump
into a ceramic fllter (diameter, 3 ft) and filtered by
suction through a layer of fiter aid. Fractionation was
earried out as noted ahove. The final sterile mad pyro-
gen-free product was made up to 2 6% dextran solu-
tion to which 099 sodium chloride had beenn added.
It was bottled in 500-m! units. A total yield of 63
bottles sontaining 12.58 me was obtained. The specifi-
cations of the final produet are listed in Table 1.

Radioactive dextran hag been placed in the hands
of a number of investigators.” Preliminary results
definitely indicate that dextran is metabolized by mice,
rats, dogs, and human beings, with a substantial por-
tion of the labeled dexiran appearing in the expired
air as C'*Q,. One preliminary report has already

v). Garrott Allen, University of Chicago Medical 8chool:
Walter In Bloom, Emory Unliversity Medical Schoel; Leon
Hellmon, Bloan-Kettering Institute ; Joe Howland and Rodget
Tetry, hehool of Medicine and Dentistry, Unlveesity of
Rochester ; Burgical Research Unit, Brovke Army Hospital,
Fort B4m Houston, Texan: aud Harry M. Vars, School of
Madiciee, University of Pennsylvania.
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been published (5). Detailed publications will be
forthcoming from the various investigators and will
appear elsewhere,
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Cuivrex I
PLASMA SUBSTITUTES

, N ideal plasma substitute should possess all the attributes of
plasma itself. None of the substances which have been
uscd, however, can be regarded as a plasma substitute in this
sense.  They all lack, among other thing:, antibodies, cazymes
and clotiing facters, possess only slight buffering power, and
witl: the cxception of gelatin, do not contain protein and there-
fore cannot perform the nutritive and carrier functions of the
normal plasma proteins. ‘They resemble plasu:a mainly in their
ability to exert a colloid osmotic pressuse and it is upon this
similarity that a rezsonably satisfactory definition can be based.
The term plasma substitute is used for any substance, a solution
of which, when infused intravenously, will restore a diminished
bloed volume, and maintain it for a longer or shorter time, in
a manncr similar to that of homologous plasma or serum.

The use of plasma substitutes arose from the physiologic.l
laboratory techoique of the petfused isolated organ or limb, in
which the narure of the perfusing Auid must be such that the
ussues of the liroh are in a condition as close to normal as possible,
It was early realized that solutions containing only crystalloiris
were not suitable for such experiments on mammalian tissuc:,
but not before many and complex types of solutions had becn
tried.  Mammzlian tissues perfused with crystalloid sclutions
soon became vedematous and abnormal.  “I'be significance of the
bload colloids in keejiing a normal water balance, was appreciated
by Claude Bernard in the middle of the last century, and Karl
Ledwig (1863) had observed that “urine’” formation was main-
tained in a pig kidney perfused with 3 per cent gum arabic ia
1 per cene sodinn chloride.  The classic eaperiments of Statling
(1850), however, must be taken as the sutting point of the
moden conception of the importance of *lood colloids in con-
troli:y the passage of fh'd across the c.oillary membrane and
in mntainieg the ! lood volume.  The colloid osmotic pressure
exered by the plase - protins, of »hich atutain by vittue of its
molecular size cod  centeation it the 1o L acdve, tends to draw




 for climatic, financial ard other reasons, trac
cannot be organized, and because provision of encugh blood aad
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Autd Irors the thsues rhrourh the cariilan waldls into the b,
Lidd foernure iy oppoesd by the Tles o
hetweza these two orposing forces df:tcmhm; in the mam
whether fluid will eater or leave the circulation through the
capiliary walls.

The knowledge gained in the physiological Inboratory was
applied to the treatment of oligacmic “‘shock™ 1o the Great War,
19141017, The importance “of blood tzansfusion and the re-
latively large amounts of blood needed had not been appreciated
before  Suppiies of whole blocd, the fluid of chotce, were te-
latively limited, hovever, becaase mathods of preserving blocd

ere still undeveloped, :1'1d the highly organized ~;::*.r:m.lsm,v,
services, whici: plaved so iminor ot & part in the Second Wei'd
War ard now kiown 1o be suaeniial, dic nctexisz. "Two sGiu.ons
cortaming coiloids were use ri t surpiement whok blood. 1o
1913 Hn~on described the succescfu I recuecivarion of six patients
by the infusion of 2.5 per cent yolatia i ayperion.c sals soluaor,
but gelm:, solution was not wmelv used. Gumwmsaline sclution,

- ~.Y7.‘- Ay (S Eeh ‘;l .‘
1‘ e lwaten OO xl Rt VPR S Mo ) & [ IR sAS\-‘ 11 30 Jomustia "L‘C;

c..pcrmmtrlly its sup‘.rv.mty over saline soh.txcn, npidly wor
favorr cad L1 1917 was successtuliy vsed for the yreatmen® of
chgwn" shock (Huwrwitz, 1917; D*um.nom &. Taylor 1M9;
Bavliss, 1919), and continued to e used frr "mr'} veass. Gradu-

ally evidence of rarmfel or undesimbie effxcts wcewpniated

Ll The natanes

-

Stadditord {(iv37) deoaribed - "'c:-;: teatiors, OndersTy ze
Giusor {1934) and Lick o# 4l (1930) L»Ls‘..'vm stGeege ol Jaimn

in the liver and other nrzans, md Keith 2£ a2 {1925) Teps orved thut
gum might pezsist in the blood streem for very long p:‘:’n ds
after :niw«m In the Second World War interest ia ‘,1.49'*14
substitutes was renewed, boomuse it wrac feared thae the supeiies
of blued and plasniz ptovxdco even by the exicnsive tzansfusion
services might be insufficieut for the treatment of the large aum-
bers of m“ultx :s expected.  This fear proved to be unfounded.
The inrcrest awakened during the war has Lecome even moss

- active and intense sipce the war cnd ed, because safe and cffective

transfusion fluids are ceeded in those parts of the world whese,
transfusion services

plasma would probably ke bevoad the capaciry of any country in
s fnt\u'c ahmxty mvolvmg modern WERAPO.18. Pur'hcn'ﬁo:e, in

[al

FPLASMA SURSTITUTES 3

s emergency of this kind it would probably be nnposs:blc to
.. oorm even 2 restricted range of hlond jroupling 2nd compati-
Lility tests, so that a plasma substitute would often be given in
ahace of blood in transfusions for which, under normal circum-
stances, blood woula bave beein used.

To be accepiabic, a plasma substitute should possess certain
desicable qualities, which may be conveniently regarded as
positive and negative.

POSITIVE QUALITIES DESIRED

(1) It has been geucrally agreed thar when dissolved to make
a <olution the substance should exert 2 coiloid osmotic pressure
of the same order as that of plasma. Dextran as generally supplied
however has a colloid osmotic pressure somewhat greater than
that of plastma. It Las been geoerally assumed that a solution
comsisting of this dextran and serum in equal parts will have a
colloid osmotic pressute equal to their mean. However, the
osmotic behaviour of mixtures of dextran with serum albumin
or with whole serum does not support this assumpton (Wales
ot al., 1954; Rowe, 1954) and i is suggested that the desimable
colloid osmotic qualitics of solutions of plasma substitutes would
probably be more realistically defined in terms of the colloid
asmotic pressures exerted by agreed mixtures of serviy and plasma
substitutc. The reader is refcired to pages 34 ¢f seq.

For the same rcasons, although it has long been agreed that
the relative viscosity of a plasma substitaie should be similar to
that of blood or plasma, consideration should be given to re-
drawing this definition in terms of mixtures of seram and plasma
~uhs itute. - A priori, it 13 desizable thet the relative viscosity at

37°C of a plasma substitute or of mixtures of plasma substitate
and serum should be similar to that of plasma.

(2) The substitute should be retained in thé blood stream
uatil its place has been taken by the normal plasma proteins.
Most of the substances which have been used as substitutes are
removcd from the blood stream by the reticulo-endothelial

tysiem, by being completely or partly- metabolised, by cxceetion

'thtoughd:ekidncys ormtheweo:d:gesmnmﬁum,éthy

4 combination of these meihods. In piactice reteaticu in the
blood stream is important if rchance has to be placed solely oz
lacgely wpon the use of a phsma substitute and if bloed aed

e




4 LEXTRAN

wlasira cannot be given ar all or only in inadequare wiounts;

mz crher hand, adecuate sapplics of blood and 3
¢ bzt not imr 1edmcelv available, rercntion withn the
« niay not be of such great importance. o sencral
purposes, nuwever, any substitute should meet as nez:ly as
possibi he thcoret.,al requxrcment mentioned, which implies
That it 55l wut Le mapidly mactabilised or otherwise removea
and that only a small proportion should be excreted in v urine,
Various criteria have been adopted with the object of mezine
this r!‘qu?r.ﬂmcm. In Great Britaio for official procurernsn, L: is
required that not more than 25 per cent should be ‘excrerer 10
urine 1o the first 24 hours zMaycoca, 1952}, In the United Siares
it has Loon Ccoommended it a satisfuctory substicat:z sho 1lu
maintain the plasrx volame end keen a cireniatory level
thai 30 [ er cear of the amcunt infused is present 1or wt
12 hours, and preferilly tor 24 hours, atter infusion (2 (Rickard
19515,

(3) The molccudar composition of a plesma substituc s of
fundiine.l Laponiance. Al of the subsiances uscd ars pcly-
disperse and, although the degree of polydispc:sz"y can be
diminished by fractionation, the fraction selected is aivays ¢
posed ef molocules having a range or sizes about a mean.  The
proporrion of small molecules which wou!d pass rapidly through
the renz] glomcrull should be small; likewise the nwnber of
jarge melecuins, wlach are associated with certain undesimable
effects, 1or exariple, increased erythrocyte sedimentation rate,
prolonged storage in the tissues, shouid also be small.  The
optimum meass and distributions of molecular size of the varions
plasma suvstitutes have still to be determined.

1N

{3) The enmpusinion of cach batch should be constant within
narrow and dzfinable limits. The bulk production of suvstances
of this type is complex, and variztions between batches may o-cur
unless their preparation is catefully controlled and standardized.

It is clear that the molecular composition of a given substituts
made in one country may difler, perhaps grearly, from thar of one
prepared in another country, depending upon the specificarion
and method of prepamtion, Comparison of clinical 2od ex-

imental results from different sources is impossible unless the

_ plasma substitute is fully described. International agzeement is
desirable upon the optimum specification of each of the plusma

PLASMA SULSTITUT LS :

., and apon the pavsical, chertiont aed biaocioa
de 1o be used for their dwr,‘c.;:uatnu Nou final crirenis

Lhﬂlpal evaluation can be laid dowr, but with more experinee,
w;inational understanding of the advanmtages of tre ~urigus
available methods should increase,

{5) The solution should be stable during storage withott

refrigeration,

(6) It should withstand sterilizing by autoclaving.

(7) Tt shouid be crystal clear so that contamination or cther
changes can be easily detected. ,

{¢) It should be fluid 2t temperatures above 0°C.

NEGATIVE QUALTTIES DUSIRED

(1) The subctamc should act be :mti,re'lic

(.7 Tt should not be toxic locally or genenali; for examaprs,
icjection of *he substitute should not cause thrombosis fior
thrombo- phlf-hms nor tissue necrosis if it escapes from the veid,
nor any general ill-edects such as fever.

Gy It shomd not cauce permanent hisrologicai cr.an@:ea, aor
should it remain in the tissues for long periods. - Ideally, as
already mentioned, the substitute should be complztely climin-

ated from the body at 2 rate which will allow its persistence in
the blood stream uatil its place has been taken by the nocmal
proteins. In fact, some substitutcs which have been used -2
climinated so quickly that their effect is not much supering 1o
t' at of saline, and othcrs remain in the tissues for shomer o
lenger periods after they have disapueared from the biofd stream.
Hist: \lngcax changes have been desciibed afier the injectica of
~ oy of the marerials used as substitates.  ‘Vheir significance o5
aot always clear,

(4‘ It +hauld net act as a diuretic and shouid cause no increz
or ¢y . siuht increase, in erythrocy‘:e sedimentation rate. ’Ir.c
Btter eficct can be teduced by eli ting the large molecules,
but i3 awonicon s iispossible in most instances unless the mean
maiccalar o B¢ roduced to such an extent that the plasma sube
stitute §s vory raridiy oareted.

LR S T L ST 11 LV
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e of the anhstaeors, wlich have been used 21 nlisera
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¢ DEXTRAN

approach more nearly’ the ideal than others. Dextran solution
is one of these; it exhibits all the positive qualitics, but lacks
several of the negative qualities, Under certain circumstances

dextran appears to act as an ant'gen in man (see p. 40) and, like all |

the ubstances hithgrio uvsed as plasma substitutes, it accele rates
the crythrocyte scdimentation rate (see p. 28). It has also been

shiown to cause a defect in the haemostatic mechanism in normal

individuals (sce p. 53) and possibly also tc enhance the infectivity
of certaln orpanisms in mice (see p. 54). On the other hang,
destran solutions of appropriate molecular composition have
been adminictered with success for the zetuscitation of large

nuinbers of patients with oligremic shock, und no evideace has -
yet been forthcoming that use of the solutioa has had aay traosi-

tory or permanent harmfual effccts, apart from a small aumber of
reactions probubly of an alleggic nature (see p. 67).
Dextran solation and plasma have one important property ia

common, that of exerting a collotd vsmotic pressure.  Both fiulds

are used clinicully with approximately equal success with the main
object of restoting a diminished blood volume to normal, but in
assessing their relative merits consideration must also be given
to the fact th:r, whereas plasma is a normal bodv fluid containing
natually ocoocring substances of various kinds and with many
different prot crtics, dextran solution contaias only dextran and
certain inory waic salts.  Although plasma canies the risk of
transmitting  the infective agent responsible for homologous
serum jaundice, the incidence of this complicatinn of plasma has
been greatly icssened in recent yeats by the incroduction of
“smali poct” dricd plasma, and in a recent survey (Ministry of
Fiealth, Medical Rezearch Council and Departnient of Health fox
Scotland, 1954) was shown to ke very low indeed (0.12 per cent)
and not greater thaa that following the transfusion of whale
blcod (0.16 per cent).  In places where adequate transfusion
services cxist, the provision of ruificient dried “small pool?
plasma should prescat no technical difficultics. :

On the other hand, as wiil be seen in subsequent chapte:s, the
dosage of dexuran rceded to restore plasma volume in ail but

severe instanccs of diminished blood volume only involves sofae
dilution, and not the complete replacenuent, of the normal protein
constitvents and formed elements of the blood, and this for only
a petiod of hours. The extent to which a plasma substitute 13




PLElaA SUBSYITUT L 7
el sty can ooly be finaliy deterinined by hnowing ©ooar - he
tady, s ciiups alieady injured or discased, will rolerate a loweriag
of crnentration of the various normal cunstituents of the bleod.
Tie most critical of all these is probably th red celis, which are
s the most slowly replaced constituent, so that for all buat
moderate haenorrtase, neither plasma nor plasma substitutes
afford adequate therapy. It is not yet known which of the other
constiruents of blood can least be spared, but under many circum-
star.ces, no obvious bodily change cesults from their dilution for
short periods to about half the notmai kevel. Until more is knowa
of the suparate functions of the various plasmia constituents, a
conservative view may well be held, namely that dextran solutions
end other plasma substitutes probably have their greatest part o
vlay (1) in normal tzansfusion practice while waiting for con-
patibility tests to be done, und when plasma is not availabic,
(2) in places where adequate transfusion sesvices do ot exist for
ciimatic, geographical or fingncial reasens, and (3) in naticual
emeryencics. ‘This stateraent of opinion perhaps anticipates the
conciusions of subscquent chapters; in nay case, the study of
how dextran succeeds or fails a8 & plasma substitute is buportart,
not only in relation to these uscful roles, but in throwing Lult
on the modes of action of foreign or nerural macror.olecules
within the body.
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CHEM {e,"rj"{:x‘ OF DEXTRAN

NATURE AND SCURCE OF DEYNTRAN

DEXTRAN is 2 colicetve name for a series of polyglucoses
having a Ligh dextrogotation of the order of - 200° (specific
rotation). Narive destran was first olrerved in sugar refineries
as masses of slime which attracted attertion because they impeded
purification of the sugar. Pasteur in 1861 recognized that the
slime was due to microbial action.  Since then microbiologists
have iolated vazious specie. of cocci belouging to the genus
Leweon-20:, two of which, 1. wesenicroides and L. Jextranicum
(Muck. r and Poderson, 1970), under suitable conditions can
produce dexrran. As g #,;f,:', on solid media containing sugar,
these organisms produce @{# ading mucoid colonies.  (Another
species, L. citrovoran, does e produce dextran,) Various strains
of the sanie species of leucorostoc produce dextrans which diffex
slizhtly i chemicd siracture, and minor differences inthe producr
ca: aizo be eifected by variations in culture conditions. A review
of variows bacicedzl dextrans has been presented by Stacey an.t
Rickews (1951). As lecuconostac grows well on relatively simple
fluid media, dextran can be readily produced on a very lazge scale
by fermentation precesses,

The primary rewvisite for destran production by suitable
straias of leuconosioc is the presence of sucrose. This is acted on
by an exocellular enzyme which transfees the glucose moiety of
sucrose to a suitzble receptor or “‘starter’” which may be another
molecu's of sucrose or the pon-reducing end of a growing dextran
chain. Certain other substances sech as maltose and alpha-methyl
glucoside cai aceept a glucosyl group and thereby initiate dextran
formation. The carly work in this field is due to Hehre {1941,
1946, 194) and o re recently investigations have been continued
by the group at : ¢ Northern Regiona! Research Laboratory of
the U.S. Dcpart. ont of Agticolure (Tsuchiya e o/, 1953)!
Dextran formation has Leen compared wich the formation of other
polysacchurides iv the review by Barker & Bourae (1933). Cell-

' From the same | boratory, gfnncs {1952), an active investigasor in this Beld,
has produced a valual:lc selected bibliography.

e
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CUORESISTRY OF DEXTHAN b

ipev ¢-7 -me pronamations with high potency in convering CULINTS

<o Joutren have boen obtained but the enzyine has not yoz boen
ey rafized (Kocpsell & Tsuchiya, 1952). By analogy with the
starches and glycogens where one cnzyme is required jor the
formation of wach type of linkage present, it scems likely that
more than one cnzyme will prove to be involved ia dextra

syntiesis.  Rescarch on the fermentation piocess directed toward
the kind of acceptors for glacosyl groups acd uporn the propoz-
tions of the varicus enzymes present is Likely to lead to greater
control over the kind of dextian produced and the lengih of the
molecalar chains. As will be apparent from later chapters these
factors determine the suitability of dexiran as 2 plasma substitute.

MANUFACTURE _

A bricf outline of a typical manufacturing process will now be
given (cf. also Anonyinous, 1952; Wolff ¢¢ &/, 195%).  Pure
cultures of the selccted strains of leuconostoc are maintained in the
laboratory on sucrose-agar slopes subcultured at 14 day intervals.
Yeast cxtract ic also incorporated, as vitamins of the B group
are esscrtial for growth.  Each cultare is incubated at 23°C. for
48 hours and then stored at 4°C.  The bacteria are then inoculated
on to successively larger slope cultures and finally into 5-litre
flasks conraining ycast-extract, peptone, various salts anc sucrose.,
These ingredients in varying proportions are the medium used
throughout the production of dextran.  All media ar: sterilize
st 15 Ibs. per sq. inch steam pressute for 30 minutes at exactly
ucutral pH.  These conditions are imporunt because if the
sucrose is hydrolyzed no dext:an will be produced. W hen these
liquid cultures are growing vigorously veverul of ther: are used
to lucculue laree s seed vessels holding several gallons ot medion,
These cuirures are in turn used for the iroculition of 160-g:llon
stainkess steel fennenters.  After 48 hours ihe cultures beerae
very viscous from the presence of native dextran, At this stage
the duxtran may be separated as a gum by precipitaiion with
sleohel. “1ien sulphuric acid is added either to the whole cuiture
ur to aseldion o the precipitated gum and the mixture is Leated
unde: oo olled eonditions.  The object of this treatment with
add iy 1 Lidreliie the molecules of mative dextran which may
Bave 2 ool Gl weirhr of sesveral million, and so & break then

showr cunn e iloules of abour the same size as the plasma
» .

b e = it e




i0 DEXTRAN

proteins. 1n this step 2 wide mange of molecnlar sic is produced
which must later be narrowed i a satisfactory plas: 1z substicure
is to be obtained. The acid isthen ncutralized, caicium chloride
is add«d and insoluble calcium salts, mainly phosphate and sul-

phate with adsorbed nitrogeaous muateinls, are separated.  The
remainiag caits are removed by passage through ion exchangs

. . . < » - “{:.
resins. Dextran is fractionally precipitured from the clear vola-

tion by gradual =ddition ot acetonc or aicohol.  The largar
molecules precipitated first are rejected; after this, furthes addi-
tion' of, say, acctone brings down the “micdle cut” which is
preserved for preparation of plasma substitute while most of the
smaller molecales remain bekind in solution and do not aprewr
in the produce,  As in the manufacture of peiroleens by distiiiz-
tion, s procedure inust bz repeated soeral imes o obtain the
best pro.ice, and a Lelance of cost agemst quality pasly detee-
mines how much fructionation s adopted.  Arier removid
of pyrogenic substances by a further adsorption process 1he
dexteen is filezred und bottled for use, cr spray-dried to a powdr
for 1011 CF LAnspor.

Sevessl al cinfiives to various steps .a the naauiacturing pro-
czes have heoe devised., Instead of using large scale growth of
leuconostoc the polymerization step raay be carried out witli the
isolated enzyme {Tsuchiya ef o/, 1953). ‘This enzyme musi of
course he proparad in a prolinidnary fermentation on a smaller
scale.  The dopelvmerization step may be effected by alkaline or
enzyrais bydoolysis or by the aciion of an alietnating electsical
ficld (Paward, 1953), heat, ultrasonic waves or gamma xays
Ricketts & Wowe, 1954). OF these only the thermal (Stacey &

Pzutard, 1952) and ultrasonic (Stacey, 1951; Lockwood e# o/,
1931) rethads have beea used on a mioduction scale. Most
dextrun i+ wtll produced by bactetial ferinentation and subsequent -

acid hiydoowysis as deseribed above,

Dextrai is avai'able as a 6 per cenr dextran solution in 0.9 per
cent sodium (kloride or as a salt-fice solution for specializci
applivations,  Iaran is manufactured and processed as a plassos
substitut: by vari s firme,  In the remaivaer of this hook, the
term “clinical dex.tan” is used to describe the partially hiydrolyz.d
product fractionzicd to the degree currently accepted as suital ¢
for use as a plasnu sulistitute, reserving the name “native do-
tran” for the unde;zraded bactevial product.




CHGGMISTRY OF LLIITRAAN

LT CTOR

Lo consists of loag chatas of glucose units.

R

1

Glacosz,

Cellp, Oy, has ihe well known formula shown in Figare 1 (@) and
aecars netura'ly in the ting form (Figrure 1 (6)) which is obtuined
Frorn the formce by migration of @ hydrogen atom from the O
positian at (5) to form 2n OH geoup at (1). In Fig. 1 §) the
pysanose ring is shown in petspective drawing,  Most or the

Synucture or Grucost

. . e
(s CHO m HCOI! —-]!
ey H———C~-— OH W) HCOH i
2 , !
t
< HO ——C—— H ) HOGHT
- I ' '
{4) He——C— Ol (4) HCOH ' !
85 H—-C— OH 5) H(]: -—......_.J
(o CH,OH (5) CH.OH
g Ma).  D-glucoss indc: simplest Fim, 105, Pyrunose ting fora of
formulation. D-glucos. us derived from 1(a}. Neotic:

the mdgration of 3 hydroges ztomfrom
the Ol ¢ ooup of Ciy) to the C at Goy.

) C:l. i

|
i
5y C 0

n | AN
H

“ l/ _ .
N i

H
3) C WT )
H . OH

.\\ |

c

L

Yoo 00, U o e v of pyranoss ring fone of alph Deplucose. The

we vl e wuest e wEoose ars sheon thaoke ed.

e



12 DEXITRAN

glucose units in” Jextran are joined with loss of water through
positions (1) and (6) by the alpha type of livk in which the linking
oxygen atom is below the plage of the ring containin the adjacent
C,y, a5 illustrated in Figuze 2, The chains of glucose units may
also have branch chaing joined to them through posidicens (3} or
(4). Polyglucoses other thitn destran containing combinations
<€ most of the possib]c“’kindt ‘of link are known; for instance in
zlycogen the glucoses ate mostly joined through (1) and (4) but
branch chains ar: joined through (6). Tt is convenieat therefore
to define dextean as a polygiucose in which she majority.of bonds linking
tie gluzose wiits is of the alpha 1 : 6 fype, and so having the high
degree of dextiorotation already mentioned.

These details of dextran structuge were clucidated mainly by
the classiczl method of methylation of the polysaccharide, fol-
jowed by comipleie hydrolysis to the constituent methyl glucoses,
thien separation and idontificztion of these frooments of the original
runlecule.  ‘Lhcse methyl g iucoses arc only partially methylzed
Lecause vhe racihiyl group cannot enter at the posiions occupied
by main- and Leanch-chain linkages.  This work was reviewed
Ly Stacey & Svift (1948) 2nd establishes the 1: 6 alpha type of
tnkage as thie vrincipal type in dextran. A 1:4livk was at that
time supuested as th branch licka e

Anoiber erandard enalytical method of cuibohydiate chemistry,
quantitative osidation with sodium metapariodaic, leads to an
estimate of the :atic of 1: 6 links to linkages of other types.
The: periodate jon has the property of oxidizing adjacent CHOH
groups to CliC groaps, being itsclf reduced to iodate in the
process. This occurs twice in cach unbranched 1: 6 linked
glucose urit as shown in Figure 3 with conwversion of C,, to one
molccule of fosmic acid.  Wherc one of the Ol groups of 4
glucose unit {pesitions (4) or (2)) is the point of attachment of
2 branch chain, double oxidation does not occur, s that no forinic
scid is produced and less pedodate s consamed. Where the
branch chain is aitached through the GI1 group at position (3),
no oxidation occurs.  Consequemly 2 low yield ~f formic acd
from petiodate oxidaton is an indication of chain branching in
the dextran melecule.  These reactions are difficult to carry out
quantitatively and their interpretatica should be treated with
reserve. Brauching ratios between three and thirty 1: 6 links
per branch link have been reported for dextrans produced by
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various strains of leuconostoc. As mentioned, above where the
branch chain is artached through position (3) no oxidation by
periodate occurs. Abdel-Akher e a/. (1952) and, independently,

PEniouATE OXIDATION OF Gawcose UNre 8 DexrraN

*

(5)
.. e =0 CH;,
| /a |
@ C OH 1 4 c o
N L
' -
HO| ., Com=p==C (m v
| L
l H i OYi -
I |
periodate ! periodsate
oxidation ! oxidation
HCOOH

formic acid

e, 30 Oxido v of a vlucose uaicin doshan by two periodar. fons, Cyy b
Clanmated . fomeie acid whie G and T e oxidived to aidehyd.: - reups,
The e v tess £ of s dye fuctain congpdes with those aldels ue groups to
foria an foouble 1o Cole ennoplex. This ds (e basis of toc iistochen .cal detecdon
¢ dextrau i tissue L cdons refereed wo on page 48,

}.ohmar {1952) «tilized this fact and obtained positive ¢vidence of
the presctice of 1 : 3 links in some dextrans. Dextran previous!y
oxidized with pericdute was hydrogenated and lLydrolyzed.
from the resultiog mixture of glycols, sotbirol was isoiated as is
pyridine complex and charactetized as the hexa-aceiwie.  This

sorbitol could only Lave come from glucose units in which posi- -

tion (3) was the point of attathment of & branch chain.
R

X



gLy ey (e 1N TN 'y

["'))!v! ried

i

by Barha & Bl
by Barker of a4 {d
range of sugar cerivai
sponding to Ju, aipia

Batker of (1),2), mo\“d that oy methy! .1'(201}, N

hy(.-fo!;s‘ o 3-; ucosyl- b- 1}\.‘(_{)\(.— zad by 1 reriodate oxidail

YD Mot &1 of & \vmc
ves and showe :"1 th:u a spectral pealk corre-
.
i

0N
3 P
»23

L2

s
=
~
s
(‘
]
“
-

I8

jov
=<y
=
v
=
el
A
o)
foed
o
n

dextean frora a Letcorosior sp. known as L“»s‘f:* CCOHE
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of Biitish and U5 ', however, the U.S. strul
kuown as “INR2L-B512 been Anzmé.y used in these and

Te¥E IN DEXTRAK JAOLECULTS

G G G ——C o

(a)

(]
Q
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)
Fia. 4, Schernaticsteu
2 branchi

ctere of twe n rgments of dextran molecules ench having
hing tatio of 5 ¢ LLUG? =glucese unit).

cther counirics.  The yesuliznt clinical dexoran contsins com-
prsatively few buanches and approximates to 2 simple unbranched
1: 6 alpha polygiucos

PCLZAMER PRODPERTINS

Dextran has o owide de sion of wnclecular weight,  Such

marterials con oniy be descddbed dn terms of average molecular
weights.  Two kinds of average are commonly LSCd, the arizh-

metic mean cx wwaber avirage My and weight average M. The
smnber auerage 15 the sum of hc [‘;":db”t“ of the molecular weight
of each species 2nd dts corresponding i’ LonoIion b; aumber m

1

U c I"ilA..dlx . Lor ’c‘/',"J‘ q0erE ] J ithe mnlecaly "vs'(ilgleS are muiti

tha proposts 003 ef -“LL by weight. My, generaily has
Aq 2nd 30y 2nd the nesver My is to A the
less the dispession of molecular waight.
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e o wernents from which these average molecuiar
i
el aTs can 'nbuhwd ate as foHOWsi—
1. Nuw

(&) Fad-zx oup 2ssay using radioactive cyanide
(b‘) ()s MOTic prossure

ifuge; diffusion constant
{5y Light scattering
([) In ntrinsic viscosity
These will each now : Jiscussad.
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i only one _ : - molecule the ratio of the
redacing power of ghacos: ; cu\u.fﬂn is directly propor-

s in cach molecule
by Il';J_u iplying this
5. b

2. The ;.m‘:'r-sf‘-n

reiric analysis but to

The mulacu ‘
o by the

. .
of reducing

obtain adaqus VA m:—,thod based on radicactive measure-
J .
ments has been employed. A ¥C-habeiled cyauide group 1s

U label
an

combiited with each reducing group and the 1 dic}“”tiv“'y duc to
1Cis n\(/um:d shell, l')ﬂ) The ohmm,r average obuained by
thiese methods includes all deniaan mcl; 1E8 tnfrcm rowith any
Traces 01 g acoe ate olte }‘:1 sent since they are

the number avesage molicular ww;‘ ‘r’LL of “m d MLL2N IRAY oCTul.
1 (4). 'The osmotic pressure of a solutien is propomo.. 1 to
the “u.nY‘ >t of solute mu‘f-cmws unider ideal conditions, and is
theoretically a pood method of measuring namber averages.
Battco ‘1 ain ideal conditions with large molecrles it is necesaary
to make messurements at low concentrations, and in aqueous solu-
tions various error, sach as surface tension effect

many types of csmometer.  Purt cx,
with dextrar : ular weight dispersion may lead
to the smalier molecules pas ing ‘c‘nrc-,urh the osmometer miera-

become appis

i

brane and so wend to over-estimation o‘ molecular weight, Anew
tvpe of oS0 ACLCE described by R ©33) hus boen used
teeently for estimating the vm)mﬂ.l.ﬂ.z wei r?.tt of dext

1

( N r:... Hlerer
Jomyuliracentrifug
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, -
and by Wales ef /. (1953) ror destran fractions having a2 much
narrower distribution of s iokc alar voeloht than dexiran for ciinlcal

@ : a
use. AH very coasiderable vmouni of worl is mvmi vea In such

determinazions wl yich are therefore unsuital iale for euality contrel
werk, i )
) Nl hne YA - FallPl ST
2 (h). Measureruents of the Hghr scartered duning jte passage
Few!

— })

Rimamion porwaEN Inrainsie Viscosin 9D Tlorncorar Wuigr oF DEXTRAN
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'/ InTensle Vigconty ve. Molscutar Weight 2 ..:,"
o
i | | |
B s 5 5 (19 —
T
The intrinsic viscosity % IE ane (v nbo.,.twwm ve) Ailv, aze plotted

onproximately lineat, cereesp sonding

on Jogarithimic scales, “Tho res
to the cmpiricad rdation [l = 1)‘&‘»!:. The date Is npxoduc ed from Weles

of al, (1953) £or partially hydrolysed daauan propar: .d from Leucoiosise strain
MRRL-B2i2,
s - . 5 X . LT ,v,_l_ 3. e .
Britain,  Dust must be carcfully excloded because particulate
0y 1at

-

ributes to the molecular weight. It is believead tl
‘(

~

light scattering measurs vents would be veluable for quai

~<:

comrol o' m};tr. 2.

1cl.uba to Mok ’cvl

(sce Avperdix B

factories and o

viscosity [y] Is related to molecular weight
[7] = KA,

AUTTATLS

whers K 2nd # ate parameters having dificrent values for dextran
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s For molecu

e b 2 s in the rane
el g 3U0ULY, Tnoeiman & HMalling (19 !J/ Lglo c

{-,,1 = 8.2 u‘ﬂ;\‘z»;». 0.18

while for a difforent dextran Wales ef o/, (1952) quote for the range
25,000 1o 250,000

The actual values found are plotted ia Fig. 5.

Molecular Weights of Dextran Fractions
(dextran from L. mesenvercides NRRL 95‘;2)
Data from Wales e &l {1952)

My M . My

0,2‘)0
0.384
G.633
0.886

38,600
64,000
95,000

240,600

1,700,000

G087 — 11,600
0.158 — 24,007
.166 23,100 25,000
0183 £.500 28,000
0.196 — 37,500
0.197 — 38300
0.207 41,000 45,600

46,300
76,600
153,000
480,000

1,260,000

Ay and My ase exphiined on 2 16, ~fe , the WI8COs t, average’,
is 2 further kind of average related to fnriasic viscosi ity by the
equation [q] = 10-°Alz. A plot of [y azainst My on! ‘ g‘riihn‘.,ic
scales is grivea in Fig. 5 and this provides the simpilest indicadon
of molzcalar we 01t for experimental purpases. This formula
:.D')‘L,S to dexiran produced by t“‘ NRRL—B512 strain of

ﬂmvoﬂm and may oee d modification for other tynes of dextr.
For fractions the viscosity average zDproximates “to the wei
average Delow about 'UJ 0d0. At higher molecular \"“";'1:5
the deviarion of viscosity average from weizht average may
ascribed to the known I*U"rouqxr’m,' of the “iractions’ as well as
1o the failure of the linsar relation between log [n] and log Af
beyend 230,000,
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W.llenius (1954} in his paper on the renal eaciction of aextran
cuots a simufar reiation between intrinsic viscosiy znd mole-
calar weight independently determired by K. Grenath. Typica!
average molecular weights and’ intrinsic viscesities of dextran
fractions aie quoted in “Jable I Table 1I shows some propertics
of clinical dextrans curreatly in use.

Tavee 11
Properties of Clinical Dextrans

Propartica
Type and Relative  exceeccd
year Opticai Branching Tutrinzic My Mw  Viwsiy intiine
prodwed  Rotation Ratis Viscosity 69 subn.  {rallis,

24t 3
Birth MLt 15wel:9 0320037 NK0 -5 15%— 5
(1953
Us.  +198%to200° 1:20 018t00.28 — 75000 .3 30%-—-70%

(95%) + 25,000
Brirsh :198°10202° 1:10t01:20 032¢00.37 80,060 1/00( 5 10%—21%
(iv34) 090,000 to50,000
U8 19520198 1:2lormore 0.18t0028 50,000 70,000 3 35%—37%
(959 tov0,000  to 80,000

1a frct there Jias buen appraciable variation frons batch to batch and
~from manufactuicr 1o manufacturer, but an arrempt has been made to
include represeatative figures,  Currently produced Britisl: dextran
exhil.its branching caiios more similar to those er U.S. deairan since
similar straine of organism (NRRL—B512) arc now be.ag used.
Dextranis prepared in several other countries but it lias not beea possibie
to compile such detailed information about these dextraas.

'fhe shape of a high polymer molccule in solution cannot Le
letermined simplv.  On the basis of their ultracentrituge datr
Ingehnan & Haliing (1949) favoured an elocgated form, wssuriing
that the molecules were not hydrated.  As they pointed out this
is almost certainly not the case in solution. Ogston & Woods
(1954) re-examine:! this problem ard concluded that in solution
dextran molecules are highly hydrated and ncarly spherical.

PF1EOINATION O DEXTRAN

Consideiing firetly the estimation of pure dextran in water, th:
solution can be ficcze-dried to obtain a porous solid which ca-.
readily be freed from muoisture at 100°C. under 9.1 mm, !
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e (s Sppeadiz o The plysicel form of the sample 1s
Lxm-:; civ important in drying (0 constant weight. Riddick ez al.
(1954) report dificulty in removing the lasc 0.3 per ceat of mois-
tute (determined by Karl Fischer reageat) from alcchol-precipit-
ated dextran powder by deying in an oven at 110°C. Dry dextran
can be weighed and used to prepare a solution of known con-
cortiation 0 serve as @ standard for other determinations.  The
optical rotation of this solution may be mecasured and the specitic
rotation, [«]%, of that particular dextean calculated.  Subse-
acently, dcterminations can be made polarimetrically on solutions
of the same dextran in water, physiclogical saline or aqueous
solutions containiag; less thun 235 per ceat vfv of zlcohol or acctone
which may be uncountered in fracticnation procedures. Alrer-
natively measa:cments of refractive index may be used but are
less sensitive a-d affeeted greatly by accrone and alcol:ol.

Dextran ma: be hydrolyzed to glicose and the plucose dever-
suined by any viandard procedure.  Acid hydiolyels follawed by
cenrimetric de.crmination of reducing puwer yiclls 95 1o 165
po cent of the cipected amount of glucee depending on the con-
montavion of doxtran in the sample.  Some decomposition of
slucose to othe: reducing subst.nces is inzvaable.  ydrolrsis
of a 19 ml sample containing about 0.5 par ceni dextran in N
sulphuric acid in 2 test tube under reflux on a boiling water bath
for fout hours rollowed by neutralizetion and dewrinination of
reducing pows: by the method of Schatler & Hartmonn (1221)
gives apparently 100 per cent of the theoretical yicld of glucose.

Alternatively 2 colorimetde method may be used and i is
convenicnt to rely on the hest of mixing an aquecus saniple with
concentrated su:lphuzic acid to hydrolyze the dextran wad convert
the resulting ¢iucose to its coloured complex with “anthroine”
or similar reag.ut (Roe, 1954). A convenient reagent, zesorcinol
4 : 6 disulphosic acid, which is stable in concentrated sulpruric
acid solution, has been described by Lunt & Sutclife (1953).
Calibration with pure dry dextran avoids the uncertainty a..out
rlacose  decomposition products which confounds met. ods
depending on reducing power.

A novel method for estimating dextran in plasma was devised
by Hint & Thorsen (1947) who precipitated 2 copper comple s of
Jextran from a.qucous solution and derermined the conper ren in-
toge intbhe supernatant. ‘This is the only method which proy.des

§

o

g

g npen et
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reore or less specific separation of dextran from other sugars
and polysaccharides. It could well be followed by colorimetric
determination of dextran in the precipitate which would probably
be the hest methoa for very small amounts of dexiian in binlogical
fluids.  Bloom & Wilcox (1951) have devised an alternative
method for dextran in plasma in which strong alkali is used to
retaiu proteins in solution while dextran is precipitated with
ethanol and subsequently estimated with anthrone.

Dextran in human urine may be estimated by ary of the fore-
going methods. Polarimerty is the quickest method, but cannor
be used if the diluted sample is too highly coloured; othcrwise
hydrolysis is recommended since cotrections for sugars but not
for mucopolysaccharides are easily applied. Colorimetric

-analysis, which would include sugars and mucopolysaccharides,
may often be adequate in clinical laboratories.  Jacobsson &
Hansen (1952) even dereribe a simple turbidimet-ic method for
the determination of dixiran in blood and urine.

Sonic notes on uscful laboratory methods are given in
Appardix L
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13 HAVIOUR OF DEXTRAN IN THE BODY AND
EFFLiCT ON BCDY CONSTITUENTS

1L FECTS ON CIRCULATINN, EXCRETION, STORAGE AND MITABDLISM

r¢~HE aim of thcrapy with dextran or other plasmu substitute

i is to sustain the circulatory volume by giving a colloid
which wiil excrt an osmotic prassure cifect sinilar to that of plasma
vrotein and remaii in the circulation uatil replaced by nataral
coliolds.  In practics, plasma substitutes suffer varyin:s amounts
of loss by exeretion, by metabolism, by passing into the extra-
vascalar fiuid and by storage.  In the case of dextran, the rat: of
metabolic breakdown is not rapid, so tha. the main o ses during
the crucial first 24—-48 houss of shock Leearnent are the ¢ result ng
from dinusion into the tiesues and excretion vie the kid ey,
Both these lewses mainly concern the smaller molecules.

In their pioncer studies Gronwall & lagelman (1943) dearon-
strated the nizin pliysiological effects of dextran,  They shovra
that intravenc us iajecdon into previouasly bled animals restored
the circulatory volume and blood prossure and that e dexian
concentration in the blood declined gradually over = period of
days, soiac of the material being found in the arinz. These
results have been confirmed and amplified by other -workers,
Corresponding findings in experiments on human voluntccrs
given dextran after experimental hacmorrhage are summari .cd
in Fig, ¢ (Hammarsten ef a/., 1953).

The dowiled effects on circulatory dynamies of infusion of
dextran lave Leer. demonstrated by cardiac catheterization of
paticnts underyvoing surgical operatic...  The right auricviar
pressure increzscs as dextran is infused and ihe cardiac outoat
2ad blowd prossure vise correspondayly (Bull e L), 19 ),
Sizilar ohservulions made in Amcrizi on wormral ~ olunte s
cosfirmed these findines,  Dlood volumie was foursd 1o inerc ve
by an amount siailar 10 the quaatity transfusced and tue carciac
output rose by «bout u third after the infusion of onc bottle of
dextran (Witham ef o/, 1951).  Other studics eaplored the effects
©i fractions of differcat molecular sizes showing, as would be
txpected, hat the Jarge molecules are less rapiddly lost and sust.iin
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the circulatory volume longer than the small molecules (e.g.,
Wasseman & Maycrson, 1954), :

Lextron Persisting In Circulotion
2 Totol 100

~ X
sch . \
PR o
(o] - . I
INormal 4o, - 'Hmcm & Plosma Protein Levels
2oL E’- Plasma Protein
h — .
sof Hoematocric @
70 J

Plosma Dextron Concenirations

9/100my 2k

7 ‘/\ *
o 4

1 Tow! 0 Curnvlative Urinary é:ecretrbn

intused /_——— X

20
o '.‘fL‘ LAl 1] ! 1 J
o a i2 5 24

LRSI

Fic, 6. Eficet of administration of 1 litre of 6 per cent U.S. destrar o volun-
teess from wham 1 litre of blood had heen previously withdrawn (mean oof results
on § voliuteers). Redrawn from data of Hammarsten ¢ al., 1953,

Detuiled studies of the excretion of molecules of de:rran of
differcait sizes have been made by Ricketts ef o/, (1950) ard clear-
ance mieasuzements by Brewer (1951).  From renal clearances
obtalued ir rabbits, Brewer concluded that dextran is mainly
excreted by glomerular filtration, any tubular excretion or re-
absorption being relatively smallin amount. His results suggested
a range of glomeruiar permeability rather than a skarp level of
filtration or setention, and he was ablz to exp:ess the excretion
of the different sizes in terms of their probable “halilife” in the
body; for iastance, dextran fractions of about 25,000 molecular
weight were calcuiated as having & “half-life” of 1.2 Liour:, while
a fraction of 38,600 molecular weight was calculated to have a
“balf-life” of 4.8 hours. Wallenius (1954) found sirnilar values
in dogs and shewed that the renal clearancs of molecules loss than
0,000 molecuiar weight was almost 100 per cent of the glome-
rular filteaticn zate.  Larger molecules liud progressivels lower
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clearance values until ac about 50,000 molecular weight and above,
no appreciable excretion was found.  The largest molecules of
dexttan found in the urine after infusion ot normal adults was
abour 46,000, but three paticnts with bums excreted material up
to about 56, 000 ruolecular weight, In other states of increased
glomerular pcrmubxht y such as glomerular nephritis, permeabil-

- ity to dextran may be further increased, and molecules as large
as 104,500 molecular weight may aprear in the urine in these
conditions. A useful table, summarizing rthie different rates of -
excretion of the different sizes of molccules of plasma substitutes
including dextran, is given by Gropper ef a/. (1952

As most of the smaller material is lost rapidly, hich dextean
concentratioris may be found in the urine when large transfusions -
are given. Such urine is noticeably viscous, and may contain
10 g. or morc of dextran pet 100 ml. It has rot been shovu that
this causes nharm, though by analogy with orher carbohydiate
substances all possibility of damage cannot casily be excluded and
transient histological changes similar to thosc following sucrose
infusion have been reported in animals.  After the first fow hours
during wiich most of the smaller molecules are lost, the rate of
excretion falis rapidly, so that half of the towul excreted appears
withia 8 hours or so, and little further can be found in the
urine after 48 hours.

Satisfactory clinical matcrial is ex;.rctcd to a total of up to
about 25 per cent (see p. 57), but the levels obtained in the blood
do not acccunt for all the remaining material.  This is to be
erpected if therc is loss into the extravascular fluid, and early
disappearance from the circulation is particularly marked when
stnall molecular naterial is infused (Semple, 1954). In thele
study on Jogs, Wasserman & Mayerson (1932) showud that ti.e
ratio of the levels of dextran in plasma and lyinrh remained steacy
afrer initia! equiiil:ration, and that for clinica] dextran this rat’o
was highor than that for either albvruin or jlobulin,  Smaiker
molecular muterial (molecular weight 19,000, by contrast leak.d
ot from the capillaries so readily that after u short rime levels
in the Iymph were higher than those in the plasma due 1o ti e
gradient established by the high renal clearance of such snii!!
molecules from the plasma, In clinical use, plisma levels may be
fothier affcied by lusses of material into tie lesion.  When
drerrin s ued dn the treatment of burn shock, volumes of 6 per
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cent dextran equal to about the plasms volume of the patient
commouly yield levels of zbout 2 g./100 ml. at the end of = tzans-
fusion period lasting pernaps cight hours. The levels so achieved
slowly fall and, with British clinical material, the rate of fall iy
about one-third decrement per 24 hours. This implies that in
a patient with a post-transfusion level of 2 g./1C0 ml. there will
be a persistent dextran level of rather less than 1 g./160 mi.
48 hours later. During this time the plasma coileid level of
protcin plus dextran tends to remain constant, the dextran
substituting for protein in maintaining a colloid osinotic pressute
and circulatory volume. Experiments have shown thai thke
primary effect of dextran is a dilution of the tc*al dircuiating
protein which remuins unaltered in amount.  This may 2ot be
true if large amounts of dextran are given when the blood volume
is altcady normal. In this case plasma contsining both protein
and dextran is probabiy lost from the bloodstream uatil the
circulatory volume is corrected (Wasserman & Mayerson, 1954).

In common with many other macromolecular suhstunces,
dextran is found to be stored temporarily in various organs.
In the rabbit dextran can be detccted and estimated cheinically
in the liver, hidney, spleen and lymph glands up t, two or three
weeks after an injection (Bull ez 2/, 1949).  In a subscquent study,
using a scrological method, Maycock was still able to find small
uantities in certain tissues up to 12 months aftcr injection (sce
- p. 46). Friberg ¢ al. (1951) examined the stor.ge following
infusion of fractions of different molecular size and found that
the amount in the kidney was greatest with the smaller molecular
fractions, but these workers were unuble 1o decide whether the
presence of dextran in the tubular cells of the kidney represcated
reabsocption, excretion or storage. After the severe procedure
of repeated daily injection for 100 days into rabbits, only moder-
ate storage in liver, spleen and ceticulo-endothclial systein was
found using chemical mwthods of detection (Friberg ef a/., 1953).
Studies of renal fuaction after administration of dextran to human
volunteers revealed no marked eflccts vpon glomeralar filccation
rate or tubular reabsosption (Fleming ef a/,, 1951).  Similarly
hepatic function as mecaswied by hippuric acid and phosphatase
tests aud bilirubin and urobilinogen determinations has been
found to be unaltered (Bohmansson ef a/., 1946). It thus appears
that a small proportion of infused clinical dextran remains for
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_ tines In certaln organs, particularly those concernod with the
s viculp-endothelial system, but the materiai so retained gradusily
¢isappeats, apparently without baving caused harm.

In short-term experiments almost all of the deiiran transfuied
can be accounted for- either in the circulatios, in the urine or in
the tissues, but lonp-term studies show thai the matecial not
cxcreted, which presvmably containg lar e molecules, slewly
disappears and traces of it can be derected scrologically in the
urine over several months (Lorenz & Maycock, unpublished
observations). The presumption that some mctabolic break-
down of dextran occurted was supported by Ingelman (1247)
oa the grounds that the rate of disappear.nce was iacrerned
by admaiaistration of thyroid o experimental arumals.  Nevee-
theless, iicubaticn of dextran with blood or with organ extr cts
has failed to demonstrate any breakdown (Swanson & Cori,
1948; Bull e ./, 1949; Engstund & Abcrg, 1950). "The
possibility that metabolism may occur within the gut has been
considered by muany workers.  The ability ¢f anaerobic or 2n-
isms from the human intestine to hydrolyze dextran {(il.nre
& Sery, 1952) cxplains the observation of Aberg (1953) that
human facces will degrade dextran.  Various authors lave
shcwn that dextran can be detected in the gastric juice =after
an intravenous injecrion of dextrun both in animals and ran
(Bngstrand & Aberg, 1950; Gray ¢ ah, 1951; Bumon &
Bloom, 1951; Trocll & Aberg, 1952) but che significance
of this routc of cxctretion of dextran has not yet been established.
‘Apart from the observations of Engstrand & Aberg (950), the
amounts of dextran recovered from the gut have formed caly
a small part of the dose of dextran given intraverously, Blcom
& Wilhelini (1952) bave reported that the duodenal mucos: of
rats may contiin an enzyme capable of hydrolyzing dextrin;
if such an enzymnie is present in the mucosa of other species, ©. is
possible that any dextran excreted into the gut is rapidly
hydrolyzed, so that a high concentration would not then be
found.

Recent worl. with radioactive dextran (Scully ef a/., 1952) lLias
wonfirmicd that some metabolic breakdown ocecurs since racin-
acivity can be detectod in respired carbon dioxide and urinary
carbonate.  Carsill & Brunner (1951) first descrilied this finding
in mice and sirailar cesults have been obtained ia dogs, about
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25 per cent of the infused dextran being recovercd as carbon
dioxide and almost all being accounted for cither by excretion
or metabolism (Terry ef al., 1953). Gray (1953) using radio-
active dextran in mice, showed that the half-life o the material
remaining after the initial period of rapid renal cxcretion was
about six days und that the carbon, aftcr degradation of dextran,
was incorporated into various body tissues. These experiments
need further confirmation, particularly with laizer molecular
sizes of dextran, but it appears probable that simiiar breakdown
will be found to account for the {inal disappearance of clinical
dextran administered to man (I ellman, 1951).  If so, it would
seem appropriate for its use as u plisma substitute that dextraa
should be retained in the body during the acute phase of circu-
latory volume deficit but should uandergo slow metabolism and’
so presumably give rise to no permanent storage phenomena.

EFFLOCT O THE TORMED ELEMENTS OF THE BLOOD

The recipients of the catly infusions of dextran were naturally
carefully scrutinized to sce whether urtoward cficets were pro-
duced (Grinwall & Ingclman, 1945). No systematic alteration
in the numbers or propesties uf white blood corpuscles or plate-
lets was sound, but one definite effcct on erythrocytes was noted.
Blood deawn at any dme up to aboat 1—3 days {ollowing a large
infusion of clinical dextian showed an increase in the erythrocyte
sedimentation rate above normal. The effcct has subsequently
been fully investigated; it is grearest at the time when dextran
concentration is highest (i.e. usually at the end of infusion) and
gradually becomes less.  The rise in E.S.R. is accompanicd by
excessive roulcaux formation (Gronwall & Iagelman, 1945; Bull
et al., 1949), vhich is in fact the basis of & raised erythrocyte
sedimentation rate in all circumstarices other than ansemia. The
effect is readily reproduted by adding derrian to blood 7 vitre
(Ingelman & Halling, 1949; Thorsen & Hinr, 1950; Hard-
wicke ¢# al., 1950; Hardwicke, 1951) and by such tests it can be
shown to depend on two main factors—the concentration of
dextran present, and its molecular size. .

1f a standard concentration of d=xtran is used {(¢.g. 1 g./100 ml.)
increasing molccular sizes of dextian produce greater and greater
rises in the F.S. K., until molecular weights of the order of 1,000,000
are attained. The B.S.R. is then less aflected, but microscopic
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examination, shows that matied rculceux formation is uill
prosent;  for, solutive:  of dexrar predeminantly of these
very high molecular weights arc so vistous chat the fzll of cven
large rouleaux through the solution is slowed to approach the
rate of fall of smuller rouleaux through less viscous solutions,
TFor this rcason, Hardwicke & Squize (1952) as par: of a com-
prehensive study of the factors concerned in the erythrocjte
sedimentation rate used corrections allowing for the viscosity of
the suspending fluid. They also chose (like various other authors)
to use the maxinum rate of fali of the crythrocyte as the bLest
index of rouleaux formation, ignoricy buth the early part ol the
sedimentution test (when rouleaux bave cot fully formed) and the
later part (when erythrocytes may become “packcd” in rhe
sedimentation tube). In this way, a regular empirical relation
was found with different dextran fractions, as well as with cther
plasma substitute solution$, between erytbrocyte seuiment.tion
and concentration of colloid, the effcct increasing approxin ately
as the square of the concentration. Litie or no eficet of this
kind c2a Le derccted with dextrans of very low raolecular weights
(iess than 30,000), but the effect is appreciable witl: dextrass of
the range of molecalar weights (greater than 180,500) weually
present in clinical preparations.  One issue remine uncc:tain.
It has been claimed (Thogsen & Hint, 1950) that in i presence

of small molecules of dextras, the larger molecules produce less

rouleaux formation and a smaller efuct on the erythrocyte
sedimentation rate.  Alternative explanations for this finding
can be put forward, and it seems douit{ul if the preseice of siall
dextran molecules has any effect on roulesux formatics:.  Thor:en
has made a valuable contribution to these studies by demnon-
strating clearly ia circinatograph records that rouleau:: formation
occuss within the blood stream of experimental animals given
dextran.

The significance of the increased tendency to form rouliaux
in the blood of the recipient of an infusicn of dextran is not c.oily
evaluated. In practice, no harm has been shown to resuit trom
this effect (see Chapter V).  Certainly, equally large roulcuvx-
forming tendencies occut in the course of many iniections and
other diseases as the result of spontaneous increases in plasma
hbrinogen and other large endogenous molecules. A theory of
the deletericus effects of “blood sludging™ has been put forward
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{Kniscly er a/., 1947) and marked separation of erythrocytes from
plasma noted i vive in overwhelming infeciion (e.g. fatal malaria),
but the causal relationship (as opposed to the associat:on) Letween
murked roulesux formation and scrious complications or fatal
outcenic of such disease-states one may consider to be ucdemon-
strated. Increased intravascular adhesiveness and agyregation of
erythrocytes and sometimes clumping of the platclets, accom-
panicd by slowing of the circulation has been reconded in the
hamster (Cullen & Swank, 1954) following meals high in fat
contcnt and after injection of large molecules such as dextran.
Dextean (molecular weight 210,000) was used, though unfor-
tunatcly the dosage is not reported.  Studics on the brains of
these animals after trypan blue administration showed a diffuse
stainicy in some iastances afier dextran administration. At
present, thezefore, the touleaux-promoting effect of dextran and
other plasma substicutes may be regarded us an undesirable
propetwy, associated with no definite untoward results, but one
tc be kept in mind. This cautious attitude is even more desirable
when treating conditions associated with a raised erythrocyte
sedim.ntation rage (e.g. in the nephrotic syndrome with increased
fibrinoyen and ag-globulin levels); the dosage o plasma sab-
stitute» may then with adv-.ntage be more strictly limited. Pro-
posals for including higher molecular weight fanges than those
alrcedy present in uansfusion destrar should aiso be vety care-
fully scrutinized (scc Chapter IV). It has indeed been cliimed
tliat & plasma substitets free from ervthirocyte sedimentation rate
raising cffects couid be made from dextran, since molccular
weights just above the renal threshold do not show any marked
effect on erythrocytes. At present, however, this assertion is
somewhat academic, since economic considerations, as already
noted (p. 10), iinpose liitations on the fineness of selection of
molecular weight ranges in mass-produced material.

BLOGD GKOUPING AND COMPATIBILITY TESTS
AFTER ADMINISTRATION OF DEXTRAN
The rouleaux forming effect of dextran has an importanc practi-
cal consequence.  1f serum from the recipient of an infusion of
clinical dextran solntion has to be used in a compatibility test,
the contained dextran may cause the donor’s red cells to foun
revleaux, thes rendesing the detection of agglutinates of calis
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diiicult or impossible.  The formation of rouleaux dej.ends
muinly upon the concentration of dextran in the serum andd the
moleculac weight of the dextran, as alrcady noted.

Using American dextran solution, which has a lower mean
molecular weight than British dextran, Roche ¢ 4/. (1952) fcund
that satisfactory compatibility tests could be performed aftcr the
administration of as much as 3,000 m!. of 6 pur cent dextran
solution to convalescent patients, and in the prese:ice of a destran
concentration as high as 3.3 g./100 ml. ir the recipient’s scrum.
Similarly, chese authors foutsd no interference wich comeatibility
tests performed with the seratn of paticnts in “shock” immediately
after the infusion of as much as 1,500 ml. of 6 per cent dextran
solution. Roche ¢# 4. (1952) also siate that the blood grouping
(ABO and Rh) of the red cells of recipients of dextran solution
was not affected by infusicns or dentian plasria levels of the
above magnitude. Tt is presumed that thesc authors did not wash
the red cells before grouping.

Dextran prepared to the British specification has a higher mean
molecular weight, and if prescot in the serum in concentrations
greatet than about 1.0 g. /100 ml. may cau:¢ rouieaux formation
and so prevent satisizetory compatibilicy osts from being oer-
tormed. Dilution of the recipicnts scrum with two or three
volumes of saline will prevent the formation of rouleaux, but
mnay cause very weak, but true, agglutinatin to be missed, oz the
presence of an incomplete antibody to be overlooked.  Howover,
use of the indirect Coombs technique will reveal the presence of
an incomnutible incomplete antibody {(Buli ef al., 1949).

Marston (1954), reporting 14 coscs, suggests that cioss-
matching of blood for patients who have received dextran should
be carried out in the usual way, since in her experience difficulty
is by no means always cgused by the presence of dextran in the
rccipicnt’s serum; she recommends the use of an albumin
technique described by Dodge (1952) for those samples thst
cause rouicaux formation.

Nevertheless, whenever a patient is to be given 2n infusion of
dextran of high average molecular weight, it would stiil ceem
wise to withdraw « sample of blood before thic dexiran 15 given,
¢ that a destran-free specimen of rerum will be available if a
compatibility test his to be done.  This siraple precawion can
o¢ taken with little trouble, and ensurcs that the specimen will
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net contain a substagee which may complicate the performance
of the compatibility test.

Glycine and sodium salicylate have been used for the suppres-
sion of roulcaux formation caused by other plisma substitutcs
(Kocp & Bullirt, 1945; Inokuchi, 1950). However, Crawford &
Mollison (1953) using suspensions of donor red cells in glycine
sclutions (6 g. to 24 g./100 ml.) found that the rouleaux-fo:ming
nroperties of scrum conuaining high concentrations (3 /100 ml.)
of British dextran were weakenced but not abolished. Likewise,
the use of sodium salieylate (1.5 to 6.0 /100 ml.), although having
a moxe prosounced inhibitory effect than glycine upon rouleaux
formarion, was found to jaterfere with specific agglutination so.
that the presence of weak incompatible antibodics may be missed.
They concluded that neither glycine nor sudium salicylate can
be considered suitable for routine use to prevent rouleaux torma-
tion in compatibility tests on scrum containing dextran of high
average moleculur weight in concentrations greater than about
1.0 2./100 mb _ :

'T'he preseace of dextran in a patient’s scrum need never intet-
{z1e with the blood grouping of his cclls, since these can be readily
freed from dextran by washing three times in normal salinc.

INTERACTION BisTWEEN DEXTRAN AND PLASMA CONSTITULENTS

There is no knowledge of any intcraciion between dextran
aad plasta constituents within the body. The basic approach
to this quustion would seem to be by udmixture of dextran and
plasina (or individual constituents of plasma) i wirro, noting the
rature of any inturaction found to occur, and then by searching
for the conscquences of such effects after infusions. At present,
a starr has been made in this direction by the discovery that
procipitates form when dextran is mixed with fibrit.ogen (Ricketts,
1952).  This can occur with dextran rolecules « f ail melccular
sizes likely to be uscful as plasma substirutes; connrmatoty work
(Fletcher ef al., 1952) has shown tha these precipitates with
fibrinogen form not only with dextran from various strains of
organistn, but also with other colloid solutions hich might be
used as plasma substitutes.  Usnder certain circumstances, fine
precipitates can also be found in mistures of dexrran with some
smedmens of serum, showing that at any fate some scaum pro-
wins can act in the same way as fibrinogen.
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The fibrinogen-dextran precipitation has not been considited
licely to have a sexious effect wichin ihe body, since tauly bigh
concentrations of dextran are necded (at lezst 1.5 g /100 ml. | nal
concentrition) to preciptate phisiological concentrations of
iibrinogen, while considerably higher concentrations are needed
if the precipitate is to occur at body temperature, and not oaly
after coulmg the mixture to 4°C. Liven under conditions favour-
ing precipitate ormation, gelatively small propoitions of both
dcxtmx and fibrinogen arc lost from the solution (e.g. 10—15 per
cent).  On redissolving the precipirate with saline, the fibrinogen
appears to be substantially unaltered, since it still rcadzly forms
a clot with throyabin.

It is true that interaction between dextran and plac'na constitu-
cats could conceivably occur without visible precipitate forma
tion.  Major cfects should be detectuble by os.aomytry--for
example, when iso-osmotic solutions of dextran and plasma are
mixed together, the mixture micht show a lower osmotic pressure.
If this indeed occurs, the magnlt.zdc of the effect is quite ~rrall,
since osmotic pressures of suciu mistures are within 10 per cent
of that of the svparate components (Rowe, 1954).  Similarly, ao
obvious interaction is suggested by viscosity measutements of
mistuzes, at least in the standard type of Ostwald viscometer.
Interaction has been claimed by Russian  rescarch-wosckers
(Rm:cuh ld & Dlyshevskaya, 1954) to be demonstr.ible in strong
solutions of dextran and {brinogen (or other plasma proteins).
by measuremert of ultra-violet abscrption spectea.  Murther work
on these Hnes is indicated, .nd light scattering techiniques tnight
be eapucted to be particulurly sensitive for this purposc, since
these measurernents are heavily iniluenced by the presence of
xargc agperegates,

In vive, scrious intetaction might be cxpected to be nuanifest
following dextran infusions in one of two ways, namcl, by =
exces:ive fall in concentration of certain plasma cc nstitucnts, os
by the accumulution of deposited material in the form of emboli.
By the furmer kind of test, no excessive fall of concentration hus
been noted.  All plasma constitucots arc diluted ir: concert withh
the 121l in hacinatocrit during the phase of plasirz volume ex-
panston, the coocenimtion: retuenic » eradunily to presinfusion
lovels as the destran 8 germoved from the circulason: isnisted
clseevitiors o patients faggest it osvom oate coid pees 6
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fibrinogen level. Adant (1954) has examined the effcets of dextran
injections on the blood fibrinogen level of dogs. In normal
animals a slight fall in fibrinogen level was ustally observed for
hree to five houts after the injection. In hepatectomized 2nimals
a mich greater fall occusred, e.g. a reduction of 50—80 per cent.
Such falls were not observed in hepatectomized animals injected
wizh saline. This suggested that dextran does in fact increase the
consumption of {ibrinogea i wivo, but that the effcct is minimized
by activity of the liver in intact animals. Embol: have not been
reported. It is possible that some of the uptake of dextrun by
the reticulo-endothelial system is from removal of finely particu-
late dextran-fibrinogen complexcs, especially after administration
of large amonnts of dextran.  This might explain some loss of
dextran from the circulation not accounted for by vrinaty ex-
cretion (see p. 27). But so far no harmful effects attributable to
the formation of dextran-fibrinogen -omplexes have been ob-
served.

MEASUREMENTS OF PHYSICAL PROPERTIES OF SERUM-DEXTRAN
MIXTURES

As mentioned on p. 3, the phyrical propetties of serums
dextran mixtures (e.g. in 50 : 50 amounts) are not in every case
simply the mean of the value for cach separately. For example,
the colloid osmotic pressuge of 6 per cent dextran may be 75 cm.
water, of serutn containing 6 g./100ml. protein 35 cm. water, and
the colloid osmotic pressure of an approximately 50 : 50 mixture
is only 48 cm. (not 55 cm.). The reason for this discrepancy
appears mainly to lie in the marked curvature of the line relating
colloid osmotic pressure to concentration both for serura and
mote especiaily for dexesan (Fig. 7). Tiis departure fro.n the
physicul “idcal solution” is also murked £ ¢ the viscosity-concen-
tration relationship with dextran (iig. 75). The deg.ce of
curvitute varics somewhat for different dextran solutions, .ad in
gencral appears to be greater for dextrans of higher meiccular
weights. T consequence, useful osticric effects are obtunable
even from dextrans of molecular weights .pprecia bly great.~ than
those of the main serum protein fractions, though of course such
solutions may be undesirable on other grc junds. ‘The anoralous
osmotic pressures of albumin-dextran mixtures (Wales ¢t al., 1954)
are similar in kind to thote found with scra-dextan mixtuges.
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[Tie main interest of the properties of serum-dextran mixtures
lies in the prospect of beiag able to make useful predictions cf the
cffect within the body of any given dextran concentration, and so,
of deciding on rational grounds, the correct dosage required in
any clinical situation. As a first apptoximation, again seferring
to Fig. 7a, it can be seen that iso-osmotic solutions of dextran
and serum show no change of colloid osmotic pressure on
mixing. For example, serum containing 7 g./100 ml. serum
protein had a colloid osmotic pressure of about 43 cm.
water, a8 had the dextrad specimen at 4.2 ¢./100 ml. con centration.
A 50 : 50 mixture of these two specimens, having a total colloid
concentration of about 5.6 g./100 ml. also had a colloid osmotic
pressure of about 43 cm. wates, i.c. the same as that of each
constituent. . This finding might suggest that a subject losing
one-half the plasma volume into a burncd area (say 1.5 litres of
plasma) would require 1.5 litres of 4.2 g./100 ml. dexiran solution,
or 1.05 litres of 6 per cent dextran (and pethaps the apptopriate
amount of extra fluid). This view zccords with the known {act
that 6 pet ceat dextran is hypcr-oncotic (L. has a higher colloid .
osmotic pressute than normal scrum).  Fig. 74 also demonstrates
‘hat the rclative viscosity of the kind of mixture circulating aiter
such large infusions is likely to be about 2.9, as comparcd with
1.6 for normal serum (see Big. 7b) and 5.2—the viscosity of the
6 per cent dextran solution.

Such arguments, though intercsting theogctically, arc un-
fortunately not yet applicable to precisc dosage ealculations in
practice, because insufficient is known about the behaviour of
dextran in the body and about physiological responscs undet
various circumstances to lazge colloid infusions. A fair propor-
tion of the dextran administered is lost rapidly into :he usine
(sce p. 25) and as this is of smaller avera;zc molecular weight thana
the material infused, some departure from the curves shown in
Fig. Ta s likely to be found in the intravascular mixture of dextran |
and serum protein in the period after infusion. Itis also not fully
established to what extent the body rcacts to colloid infusions
“iso-osmotically” or “iso-volumetrically” (Chinard ef al., 1954).
In gencral, a constant colloid osmotic pressure is probably main-
tained when infusions ate given early to patieats with plasma
volames diminished by plasma or blood loss, but ine eflects may
differ eonsiderably if enough time has clapsed for Lizemodilution
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to occur, or in the presence of abncrmalities such as ocdema
accompanying the nephrotic syndrome (see Chapter V).  Some
quantitative data on the plasma volume expansion actually
obtained in purients with various plasma protein levels are given
by Metcolf & Rousselot (1953). ‘The plasma volume expansion
which they found was genemlly greater with higher levels of
plasma protein.

In Fig. 7rand 74, the plots of —; and ntrl derived from the
values shown in Fig. 74 and 75 respeciively are shown, together
with the molecular weights which are indicated by the zero
intercepts (sce p. 17). It will be remembered that the valuc for

ki
¢ when C tends to zero gives an indication of muwmbsr average

molecular weipht, and it will be seen that the dextran specimen
tested had a siilar namler avercge nolecular weight to that o the
serum proteins,  Analogous corparisons between dissi nilar
substances (dextran, protein) are not vulid for the intiinsic
viscosity plot shown in Fig. 74, but it is probable that the weight
average of the dextran is greater than that of the serum proteins
owing to its greater dispersion in niclecular size.

CXAMINATION OF POSSISLE SIDE-EFFLCTS OF DEXTRAN ADMINIS-
TRATION

"The 1main effects on body constitucnts of dextran administration
have now been 'outlined.  But with any substance inteaded for
widespread clinical use, very careful coasideration of possible
armfal efiects is required. This is particularly necessary when
intravenous injcction is the rate of administration. Knowledge
of the behaviour within the body of all classes of macromolecules
is still scanty, and a watch must therefore be maintained for
unexpected effects. It is true that carefully conducted arimal
experiments Lefore adminictration to patients confirmed the
absence of u.towa-d cffects. . Nevertheless, the wide Jifer
ences between various animal specics and even between indiviJual
members of 2 single species in genetic constitution and in life-
Listoty (e.g. previous exposure to micro-organisms) sugges's the
need for morc tests of various kinds.  However, as wiil be st own
in Chapter V, administration of dexiran to large numbcs of
patients ks rosulted in remarkably fow weactions. In tho rest
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of chis chapter, tests on animals and in man arc described which
constitute the cvidence so fae available for demonstrating possitle
untoward sidz-etiects of dextran administration.

(a) Antigniciy. From the time of its introductice as
a plasma substitute dextran was claimea 1o lack antigerizity.
‘The evidence for this claim was the failure to induce the
jormation of antibodies in rabbits given inccavenous -
jections of rclatively large amounts of clinical dextean 2and
the inahility to produce active an.phyluxis in guinea pizs
(Grénwail & Ingelmen, 1944 Bl e o), 1949).  Thesc
arimal tescs have subszquently been incurnorued in most speci-
fications of clinical dextran solution.  Cn the other hand dextran
was known to be precipirated and tu fix complement in the
presence of certain antisers, and it was therofore regarded as a
haptenc.  Dextrun, for exampic, is precipitated by- antisera
prepare: 1 ia rabbits by the injection of suspensions of Lewoirstor
wesenteroiies and other Lesorostoc spp. (sec p. 44) and, if 10~
jected intravendurly into guinea pigs, pussively sensitized with
anti-leacenostoc scrum, or with pneumococcal antiscrum type I
(Hehre & Sugg, 1950) will cause fatal anaphylactic shock.

(@) Serological Relitionships
The scrologica properties of dextran have been investigated
extensively by Hi re and his collaborarors in New York, and it
is only possible t¢ mendion here certain of the observations which
they have made.  [Jchre (1941), Sugg & Hebre (1942) ard Henire
& Neill (1952) Howed that precipiti and complemcat-fisin;
reactions oceur | 1ween native and claical destrans an! certain
pneuxnw;ccal 14 ihit antisera, and on tlc basis of these Leactions
the native and <linical dextrans were divided into two broad
groups: ,
Groap A: precipitate with types 11, XII, XX antiscra
Grouap B: precipitue with types i, and XX anusera, and
only we:kly or not at all with type XII anuserum.
Certain of the dextrans within each of thuse groups, could be
differentiated by their capacity to fix complement with rabbit
antisera to Salmaonella 1;phi.
‘The observations of Zozaya (19324) had originally suggesicd
oot crossozeactions alo occur berwien dextran aad S. 4y o
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anti-scrum.  Neill & Abrahams (1951) confirmed and cxtonded
these observations and showed clearly that native znd clinical
dextrans gave precipitin and complenient-fixing reactions with
rabbit antisera to certain members of the Sulmonells zroup
(S. npli, 8. oranicnbaurg, S. paratyphi A. var duraige, S. bertz and
S. eholerce suis). '

The qualitative scrological differences exhibiited by native
dextrans with regard to their reactions with pi cumococcal and
typhoid antiscrum are not lost during the preparation of the
corresponding clinical dextrans by hydrolysis (Hehre & Neill,
1952).

Although cross reactions are most commonly observed with
pneamococcal antiscra types II, XIT and XX, Sugg & Hehtre
(1942) reported two antisera, both type XXII, which gave reac-
ticns with native dextran, and Heidelberger & Aisenberg (1953)
observed that hotse pneun:ococeal sntiscra types VII, IX, Xi,
& XVI, reacted with two different native dextrans and one
partly hydroly-ed dextran.

(1) Bebaviour as an Ant:en

Yvidence has recerdy beca reported that dextian, in jts roadve
or cliniczl form and dertved from a v mber of diferent straias of
L. sesentcroides, does behave as an antigen under certain cizrcum-
stances. ’

Kabat & Berg (1953) and Maurer (1953) in America have shown
that it inan the subcutaneous injection of 1.0 mg. of dextran
(given as two doses of 6.5 m;.) is frequently followed three weeks
Iater by a rise in serum nit:ogen spccifically precipitated by the
homologous and heterologous dextrans, and by the devclopment
of skin sensitivity of the wheal and erythema type to the intra-
cutaneous injection of dextran. Some of the expetimental sub-
jects before immunisation were found already to have in their
sera measurable amounts of nitrogen, specifically precipitated by
dextran, and to exhibit cutancous scnsitivity to dextran. Kabat
& Berg immunised groups of volunteers with five natlve dextrars,
three clinica! dextrans and one close molecular weight fraction
prepared from clinical dextran; the range of the ratio of 1: 6
to non-=1: G linkages represented was from 1.9 to 32 and the
range of the number aversge molecular weigits from about
21.600 to several millions. A rise of 2 8. /il nicrogen, speaatcs
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~lly precipitated by dextran, was considered definite evidence of
immunization; a rise of from 1—2 pg./mi. nitrogen was thou ht
to be of possibiec significance. Using these critetia, immunization
was ohserved in 23 out of 58 voluntzers, and occurred in at loast
one volunteer in each of the nine groups. “The sera of 14 volun-
teers before immunization contained niore than 2 pg./ml. nitro-
gen; of these seven showed a rise of 5 pg./ml nitiogen after
immunization. On the other hand of the 44 individuals whose
sera initially contained less than 2 pg./ml nirrogen, only seven
showed an increase of 5 ug.fml. nitrogen or move after immuniza-
tion. Cutaacous sensitivity was tested before and after inmuniza-
tion in only 24 volunteers. In the four individuals in which an
initial cutancous scasitivity ¢xisted, a risc of 2 pg./ml. nitrogen
or more occurred ater immunization, and was accompaiicd by
an increased cutancous reaction to the homologous dextraa in
three; in the fourih no change occurred.  Among the ten
individuals with a negative or doubtfully positive skin reaction
initially, a risc of 2 pp./ml nitrogen or more, observed in six
individuals, was accompanied by the development of a positive
skin reaction in four, while in two no significant change occoree i,

In the whole group of 58 volunteers, pusitive shin reactions
appeared to be related to the serum level of precipitabie nitroge::;
23 out of 24 volunteers with nitrogen levels < 2 ug./ml. showed
negative reactions while 27 out of 34 with nitrogen levels > 2 .q./
ml. showed positive reactions.

Too few subjects were examined to al'ow cenclusions to be
made regarding; the incidence of individuals naturiliy sensitive
to dextran, or the relative antigenicity of the various dextrars,
although it was observed that two of the clinical dextrans appearcd
to evuke greater antibody responses than the other dextrans.
It was also observed that the antiserum to the fraction coatainad
two untibodies, one of which appeared to be specitic for 1: 6
linkages =1d the other for non—1 : 6 linkages. All the othe
antisera appeared to contain only one type of antibody, specific
for the 1 : 6 linkage.

Kabat & Berg considered that the antibodies formed following
the subcutancous injection of dextran were in fact desrran and-
bodies for the following reasons: (1) the antizenic stirculus w is
32 parable to that needed for immunization to the blood group

*ul ancer, and only slightly greater than that necded for im-
.
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munization to the preumococcal poiysaccharides; (2) the anti-
Lodies reacted with the 17 semples of dextran uied (raage of
ratio ¢f 1 ¢ 6 to non—1 : 6 linkagcs 1.9—49: number average
mofecular weight range, 13,000 to scveral inillions) in the /n vitro
tests and gave typical quantitative precipitin curves; (3) if the
traces f nitrogen contzined in the dextrans used to imnunize
the vo'unteers, and not the dextran itself, were the antigen, the
ratio antibedy nitrogenfantigen aitrogen in the precipitzte would
be many timcs higher than has been obseived with known
protein anu other antigens; (4) the lower moletalar weight
dextrane were more effective mer vait weight in precipitating
antivody in the region of antibody excess and in inhibiting
nrecipitarion in the region of antiyzin excess.

Kabur ef 2. (1934) using highly purified ¥ C-labelled ciinical
dextran and two fr.ctions prepared from this, were able to show
chat these anvibodies specifically procipitaced a substantial part
of the VCdebelled dexirans, and concluded that the antibodies
fored 1a man in response to the subcutaneous injection of
dexiran are indeed antibodics o destran,

The ohservations of Mavrer (1953), who used some of the
satue dextrans as Kabat & Besyg (1953), as well a3 other dextrans,
to immunize human volunteers, generally confirm those of
Kaiar & Berg. Maurer also observed that the araibody nitrogen
prcpitable by destran persisted with little diminution for many
nontizs and that immunization caused litle change in the pre-
existing level of antibodies to pneumococcal paolysaccharides
CI v, SN and SXX, and absorprion of the scra with these
palysacchorides caused only insigeificant changes in the amounts
of nutrogen precipitated by dexuran,

The evidence of Kabat & Besg und of Maurer shows, or at
Ieast very strongly suggests, that dextran itself under the condi-
tions deseribed, brings about the formation of precipitating
antibodies and the development of curaneous scositivity to
dextran.,

Dextran thus appears 1o behave antigenically in a somewhat
similar manoer to the pneumococcal polysaccharides and blood
group substances, both of which exhibit a species difersnce.
In man the pneumococcal polysaccharides evoke protective
antibodies, precipitins and agglutinins 20d a cutancous sensiivity
of the wheal wnd erythema type; the tabi ot was hivhegis thausbs
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Lot 1o form antibodiey, but Morgan e «.. (1952) using pneunio-
cocmal molysaccharide type I have shown tnat, if minute doses?
are given, procctive antibodies are formed.  The bloed groap
sabstance- aie antigenic in man, but net in the rulb:t uniess Jhey
are conju,nted with protein.  The sinalericy of behaviecr is
pethaps fusther supported by the observation of Glynn e al.
(1954) that micute amounts of dextran adscrbed o2 the suriace
of Group A ype IV streptococei, will cause the formation of
precipiting and complement-iixing antibodies in the rabbit. Zozaya
(19324) had previously shown that nitroguen-free dextran adsorbed
on colledl n podeles is antizenic in the rabbit

The andderuciiy of dexcran in mea ara the observation that
certain aormal individuals, who have never received infusions
or imjections of dextran, may carry antibodies w dextran in
their serum and exhibit cutancous sensitivity, is of obvious
importance in relation to the use of dextrna as 4 plsma subsd-
tute and to the urticarial and allergic reatiions reported in some
patients and nurmal subjects, after the intravenous irjection of
dextran.

The sensitization of normal individuals may possil.ly be caused,
under suitable conditions, by the absorrtion of dexiran earen
wirh sugar, of which dextran is a frequent contaminant (Neillesal,
1939), or formed in the nasophuryax by type ! streptococcd.
Flehre & Neill (1946} showed that whea strains of this crganism,
isolated from the throat, were grown in a mediut: containing
sucrose, a polysacchavide was formed which was chemically and
serologically sicailar to dextran; there is no fnformation however
whether type Fl streptococet form dextran in the body.  The
numbers of volunteers tested by Kulet & ticrg and by Maurer
are too small to give any indication of the sverall incidence of
scasitized persons in the American population or to allow con-
clusions to be made regarding the relative ficquency of sensitiza-
ticn ro differect forms of dextran. Tt is rintew oithy however that
Maurer chserved significant levels of wnrib dy civvopon (05
pi./ml), precipitable by the most higbly branched d.xicrt he
used, in imost of the sera of 250 soldiers.  The observations cf
these American auchors show that, besides those who are aleeady
seritized and these who react to an injection of derrran by the
frmation of antibodies, there is appareatly 3 third g-our of
tltdnals wha sre non-reactors, but mapy muore individazls

.
i
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will have to be examined before the relative proportions of these
groups can be estimated.

Although small amounts of dextian, injected subcutaneously,
give rise to antibodies, the infusion of large volumes of dextran
(500 mi. or more of 6 per cent solurion) intravencusly does not
appear to cause sensitization. A series of obscrvations in America
on normal individuals (National Research Council, April 1952)
showed that second infusions of dextran 4—24 raonths after the
inidal infusion were not followed by systeniic rcactions, except
in those who had rcacted to the first infusion, and in these, reac-
tions to the second infusions were not more severe than the
reactions to the first. Furthermore, the fiicidence of positive reac-
tions to the intracutaneous injection of dextran in people who had
previously been given an infusion of dextran was the same as in
persons who had never been given dextran.  These observations
indicate that the infusion of dextran had not given rise to the
sensitivity, aod are reminiscent of the findings of Felton &
Ottinger (1942), Felton (1949), und Motgan e o/, (1953) that,
while emall doses of pneumococcal polysacearide in mice evoke
the formation of antibodies, large doses do not act as antivens
but cause a persistent state of “iraruunological paralysis”, ducing
which it is not possible to bring about immunization by injecting
small doses ot polysactharidc.

(&) Serological descction of the persistence of dextran in the body.
Antibodies tc dextran, prepared for clinical use, have not
bitherto been produced in the sera of experimental animals, sab-
jected to a serics of injections of clinical dextran solution. Ot the
other hand, Lvans ¢ &/. (1941) showed that the intravenous
injection of suspensions of Lewcorostoc mesenteroides in rabbits
caused the formation of antibodies which precipitated high
dilutions of the homologous highly putiiied native dextran having
2 maximum nitrogen content of 0.06 g./100 ml. Similar observa-
tions were also made by Hehre (1941) and by Sugg & Hchre
(1942). Bull ¢t al. (1949) showed that antisera prepared in this
way would also give precipitin reactions with high dilutions of
clinical dextran solutions; the solutions used by them had a
nitrogen conent of 0.002 g./100 ml or Jess.

Antsera which will precipitate clinical dextrin (Brin
American, Swedish) up to a dilutton of 1 in 4 X 1€ have been
prepazed (M :ycock, unpublizhed obsers vtinns) again: t Leworn. v
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mesenteroides (NCTC No. 2706) L. deceranicims (NCTC No. 3..54),
Luescenostor sp. known 88 DBetacocens arabinosaceous Birmingham
strain (Stacey & Swift, 1948) and L. rsesenieroides (strain B) from
Hehre's laboratory.  Certain strains of L. mesenleroides appeur to
Le poor antigens in rabbits, ¢.g. the /imerican strain of L. zvesen-
teroides, NRRL-B512. Antisera against these strains of leuconcstoc
do not give precipitin reactions with norinal human or rabbit
body fluids (plasma, cerebrospinal fluid, urite, gastric juice, bile),
aqueous extracts of the tissie of normal rabbits (liver, kidaey,
spleen, bone marrow, lymph glands, cardiac muscle, stomach,
sk¢letal muscle, lung, skin, brain and spinal cord), hyaluroaic
acrd, purified preparations of the blood group substances, A, H
Jiwwraan and hog), Lewis (Le*), or glycogen.

While these andseru precipitate high dilutions of preparations
of native and clinical dextrans, none has precipitated oligo-
saccharides, with a mean chain lcngth less than 17.8 glicose
units, derived by acid hydrolysis from dextran synthesized 1rom
Lenconostoc musesteraides, strain NRRL-B512. Clinical dextran de-
tived from the luiter strain gives a typical precipitin reaction with
levconostoc antiscra. Glynn ef a/, (1954) observed thiat dextr: s of
molecular weight in the region of 3,000 reacted with de trun
antisera (see below) to form specific precipitates.  Thus it seems
reasonable to assume that the precipitin reactions observed, wnen
body fluids and tissue extracts of animals given dextra. are
tested with leuconostoc or dextran antisera, are caused by the
vresence in them of dextran of molecular weight greater than
3,000 to 5,G00.

Antisera which will give precipitin and complement-fixing
reactions with high dilutions of desxtran can also be prepared
by immunizing rabbits with a mixture of clinical dextrza
and type A group IV streptococci (Glynn er /., 1954). Deatrans
of molecular weight of about 5,000 were not antigenic under
these conditions. Zozaya (1932s) immunized rabbits with an
antigen composed of nitgogen-free native dextran adsorbed ox
collodion particles; these antisema precipitated the homologous
dextran only in moderately high dilutions. Wallenius (1953)
has also described a serological method for the detection of
dextran.

The p.capitin reaction between 1abbit leuconostoc antisesa and
tlaicai dextran may be used to study ihe distziinte o and per-
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sistence of dextran in the tissues «f th2 bady, ana has the great
advantage that it allows the detection of amounts of dextran
below the threshold of sensitivity of chemical metlods.

The following table (Table IIl) summarizes the observations
made by Bull ¢/ 4/, (1949) using the serological method with
aqueous rabbit tissue extmcts, and includes subscquent uapub-
fished observations made using the same dosage of a closely
similar dextran,

TasLr III
FursistenCa anD Istaisution or Dixtran 1N Rapmir Tissuas

Total intravenous dose: 9 g. dexrranfkgz. body weight

given as 6%, clinical dextran sclution over 7 days.
Dexiran detected by serological method.

f
2 monthst | 6 months? ! 9 months?t | 12 monhe?

Liver -}- -+- -+ trace
Kidney -+ - -+ trace
Lymph glands -4 -+ + trace
Spleen + +- + 0 |
Boane marrow - -} -+ 0
Skelesal muscle - -+ 0 0
Cardiac muscle - -+ 0 0
Lung - + 0 0
Stomach ! - + 0 0
Brain - -+ 0 0
Spinal cord - + 0 0

(~ ~— not tested)

 Daua from Bull o 4/ (1949).
3 Duta from Maycock (unpublished observations).

After an intravenous dose of 1.2 . dextran per kg. body weight
in rabbits (giver as 6 per cent clinical dextran solution), whick is
approximately equivalent to an infusion of 1,400 ml. in a maz
weighing 70 kg., the distribution aud persistence of dextran
follow the same jaitern as thet shown L Table IIL Four moxt:.s
after injection dextran is detectable in the liver, but in no oties
tissucs; six months after injection dextran cunnot be deteci=d
in any of the tissucs shown in Tuble T Tt wag whin ¢hranved
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that the cerchrospinal fluid gave a positive precipitin reaction {our
~eeks ufter injection, and that the excretion of dextran in the
vrine can be derected segologlcally for about thice months,
although dextran is no longer detectable in the serum after about
twenty-four days. ‘The amiouats excrered in the urine after the
initial outflow in the first 24—48 hours after injection are small
(<£. p. 25) and account for only a very smail past of the total
dose. This dextran is probably derived from the lasguc molccules
of dextran which have been retained in the tissucs and gradually
1roken down to a size which can traverse the glomemlar capsule.
"Ineir concentration in the serum is below the threshold of the
serological method, but is increased sufficiently daring the
passage of the dextran theeugh the kidney to bring it within
detectable limits (Lorenz & Majcock, unpublished obscrva-
tions).

Two and a half years aftex a scries of injections of 6 per cent
dextran solution cquivalent to 84 g. dextran, dextran could r.ot be
detected scrologically in aqueous cxtracts of the rabbit’s tssues
(Lorenz, 1954). ’

Traces of devtran have also becn detected in the gastric juice
and hile of patients and of mbbits for scveral days after the in-
jection of dextran solution.

Closely comparable results are observed in the mouse. After
an intravenous injection of 60 mg. dextran, Lorenz (1954) ob-
served the excretion of dextean in the urine over a pertod of
nearly thrce months, and found thaj traces of dextran were still
present in extracts of whole mice after eight months. Weight for
weight, an intiavenous injection of 60 mg. deatran in a mouse
weighing 20 g. is equivalent to an infusion of 3.5 litres of ¢ per
cent dextran in a man weighing 70 kg.

The observations made by meuns of the scrological method
show that:

(1) 1njectad dextran, although widely dispersed in the tissues
of the rabbit, is found mainly in the liver and other
tissues rich in reticula-endothelial cells, such as the lymph
glands, spleen and hone-rarrow.

(2) Dextran gradually disaprears from all tissues, remaining
longest in liver and other cissues rich in zeticulo-endothe-
liad cells, and its persistence appears to be proportional
to the dose given, '
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(3) The excretion of dextran in the urine continues for long
periods at & concentration below the.sensitivity of chemis
cal methods of detection. :

(4) Dextran appears in the gastic juice, bilc and cerebro-
spinal flaid.

‘The obscrvations of Persson (1952) and of Mowsy & Millican
(1953) suggest that much of the doxtran detectzd in the vartous
tissue extracts examined by the scrological method was contained
in vivo in cells of the reticulo-cndothiclial system. The precipitia
reaction is a more sensitive and nicce specific means of demon-
strating the presence of dextran than the availzble chemical oz
histochemical methods.

(¢) Histochemical Demonstration of dexctran in tissses.  ‘The glycol
groupings present in many polysaccharides aze oxidized by
periodic acids to aldehyde, which will react with leuco-
fuchsin (Schiff’s zeagent) causing it to become ccloured.
These reactions have been made the busis of methods for staining
a wide rarge of polysaccharide (McMaaus, 1946; Hortchkiss,
1948) aad have been used by Friberg e a/. (1951, 1953), Persson
(1952 v & ), Mowry ¢ al. (1952) ar.d Mowry & Millican (1953)
vo study the distribution of dextran in the tissues of mice, guinea-
pigs and rabbits after intracutaneous, subcutuneous, intravenous
and intraperitoneal injection,

Chronuic acid and potassium permanpanace are also used as
oxidizing agents in combination with Schuf’s reagent for stalning
polyszcchasides; the reactions involved re less well-undcrstood,
but arc chought to involve the glycol groupings.  Persson (19524)
states that hoth these methods gave positive reactions with glyco-
gen and negative reactions with dextian although he obscrved a
positive teaciion on one oceasion after oxidation of dextrun with
chromic avcid, and that a substance, presumed to be dextraa, in
certain granulocytes gave a positive reaction to Schiff’s reagent
after treatnent with potassium permanganate.

Afrer oxidation with periodic acid, both glycogen and dextran
are said to scain with basic dyes, such as toluidine blue, Azare A.
and basic fuchsin; after oxidation with chromic acid or potassium
permanganate, dextran, unlike glycogen, stains pootly or not at
all (Persson 19524).  According to Persson (1952)) dextran takes
on a pale yellow colour when Jtained witt Grem’s lodioe, in
contrast to the reddish-brovn staining of givengo.
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Since dextran is readily soluble in water, tivsucs containing
dextran must not be brought into contact with watery reagerss.
The application of these staining reactions to the identificcrion
of dextran in tissues has been most fully studied by Pessson
(19525) and by Mowry & Millican (1953) whose papers should
be consulted ‘or cetails of the methods used, none of which is
claimed to be specific for dextran.  Persson (19525} used 2 com-
bination of methods and gegarded as dextran only ihat material
in the tissues of animals glven dexrran, which met the following
conditions: () gave a strong pesitive periodic acid Schiff reuction
(8) gave a negative chromic acid Schiff reaction (¢) gave a strong
bluish violet colour with periocic acid Azure A {d) ga-e no
smets.chromasia with Azuze A () took a pale yellow colour with
Gram's jodine. As Persson states, it is not possible ulways
to» be certain that a substance meeting these conditions is indeed
dextran, but the presence of dextran may be presumed with some
certuinty, if duc weight is given to the presence and distribution
of Schiff-reactive substances in control tissues frora uninjected
goimals.

Mowry & Millican (1953} regarded as dextan any substance
{in the tissues of mice, previously given dextran) wivch was
stained by the alcoholic periodic acid aqueous Schiff’s nicthod
and which was dissolved out of the tissues whenagueous oxidising
seagents wete used.  With the exception of gland-neck mucin
of the stomach, they found no other material which met their
staining requirements in the tissucs of mice to waich dextran
had not been given. Both Persson and Mowry & Millican
starved most of their animals to deplete the reserves of glycogen,
which otherwise rendered the interpretation of the staining
seactions more dificult in certain tissues.

The amount (and possibly the pattera of distributicn) of dextran
found in the tissues will depend upon the dose injected and its
molecularsize. The findings of Persson and of Mowry & Millican
in rabbits and mice injected with Swedish and Amcrican clinical
enlutions ate similar. Immediately following injecrion, granular
marerial, fulflling the staining criteria adopted by :nese authors
and therefore assumed to be dextran, was found within the blood
vessels lying extracellularly and within granulocytes, and extra-
ce!lularly in the corticaland medullary sinuscs of the lymph nodes.
Scbcquently, the amount gradually diminished. In the Lidaeys
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dextran-appeared within 15 minuies in the subcapsular spaces and
in the lumina of the nephrons. Aftcr an hour ot so it was found
in the epithelium of the proximal convoluted tubules and in the
cells lining the distal parts of the ncphron; deposition reached
a maximum after a few hours after which the amcunt gradually
diminished.  Dextran persisted in macrophages in the renal
interstitial tissue long afier it had gone from the parenchymal
cells. In the liver, dextran appeared in the patenchyma and Kupifer
cells approximatcly at the same tiine.  The deposits reached 2 peak
several hours after injection and then disappearcd relatively
quickly from the liver cells. The Kupfler cells, howcver, like the
retizulo-endothelial cells of other organs, rewaired dextran for
lony periods of time. Initially, the spleen showed large numbers
of gramilocytes containing dextran; these gradually dimuished
in numbcr, and the dextren was then found afier 23 days in free
and fixed macrophages in che red pulp.  Similarly dextran was
observed in free and fixed mecrophages in the lymph nodes, the
bone marcow, laags, stomach, small intestine, pancreas, avary,
adrenal, thyroid and thynws glnde, myocardium, [at anid skin,
Dextran was also sometimes derected in the cells of the zona
glemerulosa of the adrenal medulla. The rate of disappearance
of dextran from the reticulo-endotheiial systens was directly
proportional to'the dose injected into the animal. Mowry &
Millican’s obscrvations led tliem to suggest that in certain re-
ticulo-endothelial cells, e.g. Kupfler cells, the amount of dextran
gradually declined with the passage of time, while in the other
tissues, the number of dextran-laden macrophages, rather than
the amount of dextrun within each cell, appeared to diminish.

Persson (1952b) confirmed the obscrvation of Friberg ef .
(1951), that dextran appears t» exert w positive chen.otactic effect
on poly morphanuclear leucocytes and obscrved thau the staining
propertics of the (pzesumed) dextran yranules within these cells
were duferent from those of similar granules in otlier cells. In
leucocyics these granules gave a positive Schiff reaction after
oxidation w.th periodic acid or potasstum  |-:rmanganate,
and a negativ. iodine reaction, thus hehaving neither as glycogen,
nor as dextran in other tissues. Although it is known that the
polymorphonuclear leucocytes normally contain Schiff positive
granules (Wi-locki & Rbeingold, 1949), leucocytes giving this
reaction incre ssed greatly in number alter the injection of dusiran,

PR P
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aud Persson considered it probable that thesc cells were carrying
dextron, possibly in a meodified form.

The histochemical observations of Persson, Friberg e a/. and
Mowry & Millican agree broadly with eariier findings of Bull
e2 o/, (1949) and of Lorenz & Maycock (unpublished observations)
who, using a serological technique for the detection of dextran
in tissue extracts, found that the dextran which is retained in the
body aficr intravenous injection, is widely distribuied bur occurs
predominantly in those organs rich in reticulo-endothelial cells
and that it gradually disappears (sec p. 46). The histochemical
techimique in irs present form suffers from the serious disadvantage
that it is not specific. Nonc of the histcchemical and emprrical
staining techiiques is capable of distinguishing dextran {rom
glycopen and mucopolysaccharides by positive metnods, and v hen
dextran concentration in the tissues falls below that of these
nzturally-occurring substances identification becomes extreriely
ditficult, and 1s largely a matter of personal judgmenrt. 1t cannot
therefore be regarded as being as sensidive as the scrolo gical
technigue which appears to be specific. A combination of the
serological and histological techniques by the use of fluoizscent
aatibody (Coons & Kaplan, 1950) should, theoretically, provide
a sensitive and specific means of identifying dextran in tissue
sections. '

(d) Histological changes after the adwinistration of dextran.  "Tae
kidneys and liver of animals which have been given solutions
of native dextran intravenously show necrotic foci, which are
probably secondary to throtubosis of the capillarics {Grdnwall
& Ingclman, 1945).

Most authcers report that clinical d-xtran solution, when given
to normal du s, rabbits aad mice, cven in volumes cquivalent to
20.0 g. dextran/kg. body weight over oue month, docs not cause
histological abnormalities (Groawall & Ingelman, 1945; Ingel-
man, 1947; Bull ez a/., 1949; Thorsen, 1949; Friberr ez a/., 1951;
Persson, 19522; Mowey & Millicaa, 1953), and the opinion
gencrally held at the preseat time is that modern clinical dextran
solutions do not act ag tissuc irritants when given in moderate
amounts.

Tlere zre, however, & few records of histological changes in
varicus orgars artributed to the intravenous administeation of
clinical dexrran solution, but in most of these.experiments very

'Y
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large doses of dextran have been given. Guldenberg ef al. (1947),
who used a solution prepared in U.S.A. from imporred dried
Swedish dextran, found prorounced but transient changes in the
renal tubules of rabbits given 40 g. dextran/kg. body weight vver
some 16 wecks. Renal function was unimpaired. Turner ¢f /.
(1949) rcported foeal degencrative changes in the liver and kid-
neys and slight reticulo-endothelial hypetplasia in the spleens of
dogs, sacrificed between the Sth and 19th days after bleeding
and the infusion of fzom 400 to 500 ml. of Swedigh dextran solu-
tion. Hartman (1951), who administered an American clinical
dextran solution to mice in an amount equivalent to 12.6 g./kg.
over three weeks, observed swelling, vacuolation and desquama-
tion of the epithelium of the proximal convolured tubulss, in-
filuration by foam cells and occasional ruptuse of the blood vessel
walls, cspecially in the lings, and muny foara eells i the lymph
nodes. Most of these changes were temporacy, Nelson & Lusky
(1951) state that only very minor changes occurred in rabbits
given 9.6 g./kg. Swedish dextran ovar two months.

Fribzrg ef <. (1953), using abLitz, 2dtainistered chinical dextian
solution cquivalent to about 75 ¢. dexiran’kg, bady weight over
33 to 4 mont's. No pathological Jhanges were obscrved except
i the lungs «od spleen. Inthe Jurgs the peribronchi:i conaeciive
tissue contai:d an increased nuniber of Iyn:ph follicles,  Mlti-
nucleate giznt cells were scattered through the red pulp of the
spleen; a5 these did not sppareatly coutain dextian, Friberg
ot al. suguest Jat thilr occurrence Was prob. bly to Le interpreted
as 2 reaction to the dextran.  Unfortunately, Iribueg e al. only
examined aninals jimmediately after the course of injecion of
dextran, so that thete is no evidence whether these changes, hike
those obscrved by Hartman (1951), were temporary.

(6) The reaction of tbe rat to dextran.  Dcxtran can be given
to most laboratory animals without causing reactons.  The
intravenous or intraperitoneal administration of dextran
(300 mg./kg.) to ats, however, is followed in a few minutes
by the appearance of stupor, dyspnoea, congestion of the
paws and snout, and frequently scratching. Some 15 of
so minutes liter ocdema of the paws and snovt develops
and subsides in about two houts (Vorhees ef al, 1431, Morrison

¢ of., 1951). Dimrhoca, sometimes bloody, may follow, 2t
dariay tecovi ry, the animnals may show signs of cxirenic unt.
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This syndremnc s similas to that observed in rats after the in-
icction of esg albumia (Selye, 1937; Halpem & Briot, 1950,
Mortison aad his collaborators observed that pretreatiment with
the antihistaminc drag, pheniadamine, or with cottisone, would
prevent the formation of oedema in almo.t all their animals and
that procaine and procaine emide would protect sume animals.
The reaction appears to be caused by a local increase in capiliary
permeability.  Edlund & &l (1932) using Menkin’s intraveaous
dye test obsurved scepage of dye into wlic.is raised by the intra-
dermal injection of dextran dissolved in 0.9 per cent saline
solution, providing the concentration of dextran was at least
10 pg.ml. These authors also reporc that highly branched
dextrans cavse this reaction more readily than less branched
dextrans, and that small molecular dexir o s Jeso effecrive than
larger molceuiar dextran, Edlund ¢f 2/ fo ind that ailoxan, given
intravenousls in sub-diabetojenic doses, was the most wlective
iahibicor, and that BAL (2, 3-dimercaptopropanol) was lective
only in some animnals. Halpera & Briot (1952) found tha hisra-
mine was liberated in #ire by freshly excised pieces of rat shin
at 37°C, but not at 0°C, in the presence of dextsan.

The reactions observed in the rat have not been scen in any
of the other labozatory amimals so far used in investigating
dextran and appear to be peculiar to this animal.  They are
probably unrelated to the reactions obsery ed in man (see p. 67).

(f) Haemostatic defect after infusion of do:it an in wormal subjecis,
Carbons ef al. (1954) have observed that the blecding time can
be prolonged in normal individuils if suificiently lizge volumes

of dextran solution ace given. The volume of solution required

to cause prolongation of the bleeding time varied from 1000 ml,
10 6,5¢0 ml. (not more than 1500 ml. were given in one day).
The results of their investig. rions scera to show that this pheno-
menon cannot be exphained vy any dufect in the clotting mechan-
ism itsclf, since none of the changes observed (prothrombin,
activity, prothrombin consumption, clotting time, clot retraction,
factors V & VI, anti-thrombin titres) were suificiently groat.
Furnther, the effect is probably uarclared to changes in plisma
volume, since the masimal increase in volume 08 urred immedie
ey after infisdon and the maxhaun pelonation of bludling
Ut appoarcd ome three to aine hears atior the end of the in-

swes e Glreding time rotarned e ol vothin T4 Bours.
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The cause of this abaormality is not known. It is possible that
the tendency to hacmatoma-formation mentioned by Boyd e# al,
(1953) is attributable to this hacruoscatic defect.

(£) Infection-promoting activity of oriein polysaccharides.  Cer-

tain polysaccharides are able to prowote infections. A crude
prepatation of gastric mucin, for example, will reduce the mini-
mum lothal dose of bacteria injected intraperitoneally i given at
the same time as the bacteria (Nungester e# al., 1932).  Shilo e al.
(1953) and Hestria et al. (1954), who investigated the iafection-
prosuoting activity of dextran aond levans, fouad that native
dext:un, given either intraperitoncally or intravenously to mice
at-the same time as one-tenth ML, of a suspension of Sa/rrone.’a
#ypii 0901 administered intraperitoneally, strongly promoted
infection, 70 per cent of the mice dying, Less than 5 per cent of
the mice, which reccived only the bacterial suspension, died.
Tre zeducion of the molecular sivze of dextran and levun by
rarial hydrolysis and fructionation dininished their abiiity to
promote infeciion. Dextran, of a molecular weight in the range
10 to 10°, prepared by Shilo and his collaboiators, and one
coinmercially prepated clinical solution of duxtran exhibited
negligible infection-promoting activity.
" As far as is known, no clinical teports have appeated which
sugzest that dextran soluiion enhances or {acilitates infection in
humans. Whether say practical significance is to be attributed
to the obscrvations of Shilo and his colleagues must await
further clinical cvidenes and laboratory investigation.
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SPECIFICATION OF DEXTRAN

FHTE purpose of a specification for a therapeutic substance s

to ensire that a consistently effective niaterial is available for
clinicci pusposes.  Variations in response inay then e attributed
solely to the pauent’s condition and the knowledge of the best
way of using the remedy becorres cumulative. Such a specifica-
tion chould be medified in the Light of clinical and laboratory
experience.  Broadly speaking one regaires that dextran shovld be
eifective in reproducible fashion, and harmless.

Specification of dextran, which may be regarded as a biclogie-
ally produced high polymer, presenis novel dificutes.  No
simple rest of clficacy is available.  Testing fn nan may be in
voluntecrs or in series of patients, preferably with sujtable con-
trols.  The response of the blood volume of normal volunteers
to injections of dextran has been investigated but this is not a
good parallel to the clinical use of the material. A better test
is to infuse the material after the subject has had his circulatory
volume reduced by bleeding (of. Chaprer 1), Such procedutes
are useful rescarch methods but 2re net feasible for routine
purposes. Similar criticisms apply to tests on patients where the
incthod might be to treat paaliel controlicd series of padents
with similar injurics comparing the effects of dextran with a
standard transfusion iategial such as plasma.  In .nimzals no
tisfactery simple test of efficacy for routine use has bien devised
chough one muy be found in the futore. "The neare L approach
tas been the animal exerstion test Jduscribed later, which is a
clieck on the loss of material through the kidneys and hence on
the amcuat potentially remaining available for maiaenance of
cirenlatory volume,

Tests tor storility, pyrogenisity and roxicity follov. ihe rooud-
Dons in rorce in the virdous countrias and witl not .
Boee, 3 os farasipedeity are opoato do prahe okt o the
b of Nobat & Berg (1933) and he reador s referrod 1o
pee A0
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MOLECULAR COMDPCSITION

ince it is widely agreed that cflicacy is related to m.l2cular
composition this is always specified, and various tests are used.
These tests are intended to ensurc that the molecular weight
distribution is similar to that of dextran batches which have been
clinically tested and found effective in mainraining piasma volume,
They must provide a check both of average molrcular size and
of the propottions of large and small molceules,  Large molecules
are considered undesirable in view of eatly reports of tissue
damape and because of their interference with the cross-matching
of blood. Small molecules are rapidly excreted by the kidney and
lost into tissue fluids and while they ruay or may rot causc undve
diuretic cffects ot produce excessively viscous urine, they are
certainly wasteful of therapeutic effect.

The optimum sizc of dextran molccules is a matter of debate.
There is gencral agreement that destran should be retained in the
circulation for the pesiod during which an expansion cf plasma
volume is desired; but while some clinicians are content with a
temparury cff et such as might be achicved with small molecular

material, othcis dermand that an adequare plasma substitute must.

be ahle to siay in the circulation until natural replacement of
plasma protein occurs.

CHEMICAL A~ND PHYSICAL SPECIFICATIONS FOR CLINICAL DEXTRAN

Specificaticas for clinical dextran have been published in the
U.S.A. and Britain. Those parts of the specifications referring
to chemical and physical propertics are shown in Table IV.
Tests for sterility, pyrogenicity and antigenicity are included in
the Buitish and Amcrican specifications; the latter also includes
a mouse test for toxicity which has been omitted from the British
specification since 1952 (cf. page 60).

These figures together with the comparative data in Table I
show that prevalent opinion in the U.S.A. has been in favour of
a dextran of lower average molecular weight and consequently
higher renal cxcretion than that currently accepted in Britain.
However, it should be emphasized that all shades of opinion are
to be found in both countiies and the specifications quoted are
likely to be modified in the light of ever increwsing clinical
expericace by which all preparations muse ultimat.ly be judped.

o v v M
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Oun this basis it scems probable that opinions will tend to con-
veige. '

TanLe 1V

CHEMICAL AND PHYSICAL SPECIFICATIONS TUR CLINTCAL DEXTRAN

U.S.A. Great Britnin
(Mditary Medical Purchase (Micistry -of Health
Description, 1954) Specification, 1954)
Analysis: Analysis:
Dextran 5.7-6.3 £./100 ml. Dexiran 5.5-6.5 g./100 ml,
Sodium chloride 0.65-0.95 g/  Sodium chloride 0.85-0.95 g/
100 ml 140 ml.
Buffering capucity 3 3.0 ml. Porassivn; 3 25 ng./100 ml.
0.1 N NaGH/litre
pH 4.5-7.0 pH 5.0-70
Nitrogen < 1.00 mg./100 ml. Reducing sugars < 100 mg./
Heav; metals 22 lead < 0.5mg./ 100 il
100 ml. Acctone < 0,02 g./100 ml,

Ash (less Nall)< 0.058./100 ml.  Nitrogen < 1.00 mg./100 mi,
' Heavy meials a5 lcad < 0.5 mg.f

100 ml.
Moleeslor Composition: Molecwlar Conposition:
Whole polymer My 75,000 = Intrinsic viscosity 0.32 + 0.03
15,000 dL/g. in aqueous solutior at
High 109 fraction My 37°C.
* 200,000 High 10%, fraction—intrinsic
Low 109% fraction My viscosity + 053 dlfg. ia
& 25,000 aqueous solution at 37°(§
Inherent viscosity 0.255 £0.035 Renal excretion (under stated
dl/g. in aqucous solution at conditions in rabbits) < 25,

25°C.

A few comments on'the tests required by these spccifications
riay be useful. Difficalties in detcrmining the concentration of
aqacous dextrun solutions have boen referred to on page 29.
I timates of concentration by the vacious methods are sufficiontly
reproducible tor most purposcs buc the ditficulty « 7 deciding
wicther 2 dexinin sample dried to constnt woeight & 0 fact fTee
o mSrure introduces an uacertiny wlich mag e of the

Traf o 008 per cente Nitrogen estination is di Coade sioee
Sextrra m -t be oxidized to catbon doxids oo Jeas t lees has
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img. nitrogen as ammonium sulphate in the Kjeldabl nwethod,
Dotassium concentration was limiced in the British specitication
¢o the normai plasma level, not because any could be found in
clinical dextran solutions, but because of the view that an excess
of potassium icns may adversely affect patients in a state of shock.
Sinee most dextrans are fractionally precipitated some limit on
the precipiteting solvent, e.g., acctone, seems advisable.  Re-
ducing suvars would be included as dextran by many methods of
dextran determination and theit concentration is therefore limited
in the specification.

As to the main feature, molecular composition, it will be seen
that the specifications age strikingly different in the forms of test
adopted. The British specification, originally written in the
autumn of 1948 on the basis of the early clinical trials (Buli e/ al,
1949) stood the test of practical expericnce for thrce years with
the results summarized by Maycock (1952).  Since then some
batches with intrinsic viscositics as high as 0.37 have been used
withoat mishap. 1n 1948 it was felt that intrinsic viscosity was
a sufficiently rcliable, albeit empirical, measurement of mo:ccular
weight, and tl.at the renal excretion of dextran by rabbits provided
a realistic estimate of the :xcretion to Le expected in paticnts.
As the intrinsic viscosity measarement is especiaily affected by
the larger molecules present while the excretion test provides a
check on the smaller molecules, a reasonably satisfactory limita-
tion of molecilar weight ringe appears to be effected by @ com-
bination of the two tests, Turthermore as improved prouauction
inethe.ds tead 1o a smaller proportion of excretable mol.cules,
adhernce to a similar average size as determincd by intrinsic
viscositv. would aatomatically require a preparation with 2
narrowzt ‘lispersion,

Althouph it is very difiicult to discover detailed evidence of
bodily harm atributable to the large molecales, it is strongly feit
that some limit on their presence should be maintained. f4n
atbitrarily chesen limit of intrinsic viscosity 0.53 for the upper
10 per cent fraction has been accepted since 1952 as an addition
to the earlier British specification. »

Since 1948 knowledge of the scattering of light by colloida
particles has advanced considerably and the commercial pro-
duction of instruments for this measurement has enabled »
more precise form of spocification 10 be adopte 1. However

e e 3 2er
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it should be pointed out that thoush physico-chemical test-
arc admirably suited to maintaining a constant ualivy they
must be run in parallel with biological tests at least long cnough
for their significance in biological terms to emerge,  This is
expecially to be emphasized in the case of a preparation such as
dextran, which in fact comprises a group of substances varying
in detailed structure (see for example Fig. 4) so that the pre-
paration offered! for clinical use may vary from time vo tirme,

When specif.cations demand the preparation of 10 per cent
fractions (“tops” and “tails”) it must be appreciaied that the
more carclessly these fractions are prepared the morc likely they
are to pass a test defining molecular weight through being more
heavily contaminated with molecules of medium size.  This of
course is the reverse of what is desirable in a specification, and
such a test car oaiy be accepted if dertails of prepacing the “tops”
and “tails” are carcfully laid dowa.

VALUE OF BIOLOGICAL TESTING
Although physico-chemical specification offers advantages cver
biological testing in economy =nd precision in certain directions,
thete is much to be said for retaining biological criteria for the
control of some aspects. Deuxtran is not a simple molecular
species; small changes in structure resuiting from mioor altera-
tions ia the manufacturing process or from minor variations in
the parent strain ot organism ot in the medivm could conceivably
alter the biological properties of the tinal product. The tenal
creretion of dextran in animals, which is closely related to the
properties of the dextran below a critical molecular size, should
be measured. A physico-chemical specification, which limits the
proportion of dextran of a molecular weight below 25,000 and
defines the mean molecular weight of the whole preparation as,
for example, the U.S.A. specitication, only Iooscly controls the
proportion of dextran of molecular weight between 25,000 and
45,000 to 50,000, which is approximately the renal threshold,
A Emit of dextrza excretable by an animal in a given time would
Appeat to control this aspect more rigidly than a physico-chemical
»hecification, Testiog for antigenicity by attanpting to evohe
yrecipitins 1 rabbits by the injection of dostran wi fornerly
4 vqaired tost i the British specincation o h oo beendi consinuad]
e GVCE reverst vears Ao bateh was topecied onithe Bty of thas
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test. Similarly the test for toxicity in mice (1.0 ml. intravenousiy)
was discontinued for the same reason and also because it was
considered that the intravenous iijectior. of dextran in the pyrogen
test was as likely to disclose harmful effects. On the other hand
a test for anaphylaxis in the guinea-pig has much to recommend
it and it would scem wise to rctain it until the basis of the reac-
tions obscrved in humans has been clucidated.  Future work
may show how best to determine the possible differences between
antigenic propertics of different dextrans. Meanwhile it is
important to remember, especially if new types of dexttan age to
be recommended, that biological behaviour is our closest labora-
tory measure of therapeutic efficacy.

FUTURE IMPROVEMENTS

As the opportunity for varying the specification of dextran
arises in future it scems desirable to include a statement of the
branching ratio of the dextran as determined by periodate oxidation.
Sir.ce there are still unknown fcatures in the structure of dextran
rzolecules, viz,, whether the br.iches are long or short, the strain
of leuconostoc producing the doxtran shonld in any case be stated.
Destran is valued for one fundarnenral physiological property,
turnely its osmotic pressure in admixtars with human plasma,
A statement of De dextmn concentration required to give the
physiolopical e l:oid osmotic pressure (i.e., 40 ems. of watcr)
under detinite conditions of mixture with hwan serum in vitro
(Rowe, 1954) migzht come near to a statcment of potency, When
peactical progress makes routine measurcments  technically
feasible, csmotic pressure estimates of number average molecular
weight (M) and light scattering estimates of weight average
molecular weight (M) should be included, and replace intrinsic
viscosity measurements. We look forward to the development
of a clinical dextran free from raolccules so small as 1o be rapidly
lost from the circulation and irom appreciable amounts of very
large molecules. International agrcement on satisfactory stand-
atds for this therapeutic substance is desirable.



Caarmra V
CLINICAL USE OF DEXTRAN

IN STATES OF *‘sHOCK”

BSTORATION of the circulatory volume is the most

important single measurc in the trcatment of scverely
injured patients. When whole hlood has been lost, seplacement
by transfusion of blood is the treatment of choice, but where
the loss is largely of plasma or scrum it is rationzl to use a colioid
solution such as dextran. Even when blood has been lost,
the circulatory volume can be satisfactorily corrected by dextran,
a3 has been demonstrated in numercus aninial and burian ex-
petiments (Gronwall & Ingelman, 1945; Bull ez 4/, 1949; Turner
et al., 1949; Bollman ez /., 1951; Wilson ¢ 4/, 1952; Hummax-
sten et al, 1953; Wasserman & Mayerson, 1954).  Since no
red cells are repluced a dilution of the remaining cells results and
a temporary anacinia is caused, which is better avoided if blood
is available. From experimental studies on dogs subjucted to
severe haemorrhage, Parkins ef /. (1953) concluded that dextran
and other plasma substitutcs, though much superior to equal
volumes of saline, were inferior to whole blood for purposes of
resuscitation.

Many of the studies of the clinical results of circulatory volume
replacement with dextran concern its use during severe surgical
operations wnd for post-operative hacmorrhage.  The early
reports from Sweden (Bohmansson ef al, 1946) gave dctails of
several such cases and showed that blood pressure was readily
testored to normal values.  Similar sarisfuctory resulis were
obtaincd in the British trials (Buli e2 &/, 1949; Boyd e &/, 1953),
and it was confirmed that whereas devtran raised and maintained
the blood pressure in conditions of shoci., saline solution alone
was by comparison incffective. American surgeons using both
Swedish and American dextran also ceported favourably on its
valug for operation cases (Craig er </, 19515 Spence s o/, 1952).

In the rreatment of shock from severe acadental injuries
aseon Lated with bloed loss, most workers who use destran prefer
19 3u; slenicot it with bload tran-fusion.  Wilkinson (1951), whe
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reporicd results in a group of severely injurced paticnts treated witl:
Swedish dextran, confirmed that good effects were often obtaincd
«wfter rathér rapid infusion and he zives details of some cases in
which blood piessure was restored surprisingly promptly.  Since
1t 1s known that dextran can increase circuletory voluine initially
by an amount grcater than the volume administered it seems
likely that this effect which has also been noted by others is due
to the dextran being somewhat hyperoncotic and therefore
attracting watcer ioto the circulation.  American weotkers have
also obtained good results in the treatment of wound shock but
cmiphasize that for the most severe injuties blood sheuld be given
in addition to dextran. Haynes and DeBakey (1952), scporting
the rosults of trearment of 20 cases on which circulatory volam:
studics were also made, sugpest that a reasonable maximuem
scventy for ticatment with dextran alune should be bloud locs
of 35 per ceat. A haemorrhage of 2 litres or more in an adule
sach as coramwnly resules in a fall of blood pressute to 70 mm.
or less should on this criterion be trezted with whole blood trans-
fusion as well as dextran,  These autnors conclude that “depend-
ing ou the comrplexity of the clinical problem and the perceatage
of blood volume lost, dextfan may provide sufficicnt cireulatory
sapport to perit reparative surgery or minimize the quaatity of
wholk: blood necessary to accomplish this aim™.

Dextran has also been successéully used in the treatmeat of
patients who have lost fluid predominantly into the peritoneal
cavity and alinentary canal.  Bohmansson ¢ @/, (1946) and Wil-
kinson (1951) report success in cases of acute diffuse peri-
tonitis and iicas using Swedish dextran, It is not easy to assess
how mach tuid is lost in sach conditions, but the restoration of
blood pressite and clinical improvement suggest that a colloid
solution suc’c as dextran has a valuable role in treatment. It s
likely that d stran will be wseful in the tzeetment of several other
forms of “‘shock”™.  Expegimental crush injury in dogs has been
found to recpond well (Geonwall 8- Ingelman, 1945). It is also
probable thit cenain toxsemias may benefit from maintenance of
circuiztoty volume; Pedersen & Christensen (1952) report
successful troatment of six cases of botulism for which transtusion
with dextrun and blood was thought to be of valae.

Burns are a common type of injury in which loss of plisma
predominates over loss of red cells and some of the carticst s
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successtully treated with dextran were of this type.  Roscid vist
(1947) in a careful clinical study of treatment of burns gives de-
tails of the transfusion of 47 burns shock cases.  Many of these
patients received plasma or blood as well as dextran and it was
the author’s opinion that results with dextran were as good as
those wich plasma in the treatment of burns. ~ His success with
two large buzns cascs treated with dextran and blood led to a
subscquent more detailed stady (Rosenkvist & Thorsen, 1951)
which stowed that good results could be nbtained when dextran
and blond were given altemately to butns paticats,  The ten
cases reporied reccived two or three times more dextran thun
blood and includcd 2 number of very favourable results.  Joho-
ston e «/. (1953) also using Swedish dextran, obtained 5ood
results i a rmall scries of patients witl burns.  They recom-
mended that rlasma or whole blood also shieuld b xiven for e
more severe vases.  The eaely trials with Boash destran [Pulbr
et al., 1919} included detailed studics of two prticats with fneens
trcated cntirely with dextran,  Onc, a moderately targe bus. in
a child, .Jid wcll; ithe other patient, an adult with very sc.ewe
burns, died, though no ill effects of destran were found.  Suh-
sequently, British dexrran has been used on a series of 100 bzns
shock patients (Bull & Jackson, 19535), and though good resclts
were frequently obtained with dextran alone, in some severcly
burned patients the large amounts of dextran which neede:s 1o
be transfused resulted in very low plasma protein levels.  Some
of these patients did not seem subscquently to gecover as we.i s
might have been cxpected, and the procedure was adopted of
limiting the -amount of dextran to be transfused to any single
patient to a volame equal to the approximate plasma volure of
the paticat.  Consequently, after treating the first 21 patient:. by
giving the nec: sary amounts of colivid as dextran without limit,
79 paticats wui treated on this regime of Li.nited volume, con-
tinuing the transfusion with plasma or bload if motc colloid vas
required. The results on these cases were clinically cqnal to thnse
in which plasm: and blood only had been used.  Tuble V gives
2 summary of all these cases and shows the comparizon berweon
the observed inortality rogether with thait “expected” on standand
treatment with @ Lisnia and blood as calcututed from the starit al
riuly of Bull & Fisher (1954), Te will bo secn that whereas e
eszlicy 21 casee fcccivjng dextran nnly, ditj not Lave suet a




100 Bunxs SHOCK CASEs TREATED wITH DExreaN (1950-3)

TapLe V

(Data of Bull & Jackson, 1955)

Ne. of Arec of Purn Mean gramtities tramgfused (m1.) “Bxpected™

Dextran eosss Mean Renge Dextran Plarma Blood Total Deatbs  Deaths
Volume not !imited 21 20%, 10—47%, 1775 39 182 2347 3 1.2
Volume limited to about
O e i plasms
sy wit :
or blood when neccssary 79 25¢%, 10-80%; 851 229 457 2137 16 15.5

100 23% 19 16.7
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favourable outconic as the average expected, those trozted with
the limited volume of dextan had as good a mortality result as
cases tecciving standard treatment. It will be noted that in each
series the iean total colloid solution transfused was about 2.3
licres. It appears that the use of dustran in quantities ap to one
plasma volume tesulted in an economy of some 67 litres of plasmaa
or blood in the treatment of these 79 patients suffering from
severe burns.

It is clear from the numerous reports coming from raany
coantries that dextran is effective as a plasma volume cxpa-deg
in states of shock, aud that it hss given clinically satisfaciory
resulrs in many thousands of transfusions.  Its osmotic cfiectives
ness should alwuys be borne in mind when dosage is beirg con-
idered so that excessive quantities are avoiled.  Administration
of dextran to paticnts with an already normal biood volume or in
marked over-correction of a loss can readily cause overloading
of the circulation and raised venous pressure.

TOR RELIEF OF OUDEMA IN THE NEPHUOTIC SYNDROMY

Success in relicving oedema by infusing dextran to paticnts
with the nephiotic syndrome, both children and adults, has
been reported ‘rom Sweden (Wallenius, 1950), the United States
(Olive ef al., 1753, James ef al., 1954) and Britain (Mollison &
Rennie, 1954). Detailed case repotrs are given by these authors.
Wallenius obtuined diuresis in each of 4 patients tesied, Olive
obrained : 1geiti une diaresis in 7 out of 12 patients, and Mollison
and Renuie reported satisfactory results in ¢ out ot 7 patiznts.
Junes ef Lo net d siprificant loss of oedema in 9 out f 13 child-
gen, and v iruta ¢ complete diuresis in 6 of these patients. Bedford
& Brouphton (1951) record failute to induce diuresis with two
preparativas of dextran in a patient with a grossly raised blood
urea, atfected by nephrotic oedema.

From the practical point of view, several points emerge from
these swudies.  Dexizan solutions must be given slowly (e.z.,
30 g. to an aduic in not less than 4 hours) and not in excessive
amounts (e.g. 1530 g. to a child, 3080 ¢. to an adult). In
the presence of ocdema with hypoprotcinacmia, considersble
exansion of pl.sma volume always occurs (e.z. by 60 per cent
f.lowing 30 g infurced), as evidenced by a marhed fail in hac-
matoerit and in plama protein level.  Although the inial
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plasima volume of these paticnts is often 20—30 per cent below
normal, such rupid increases are often accompatied by a sense
of fulness or pain in the head, and by siight cagorgement of the
neck veins (Squire, personal observations). Death from pulmon-
ary ocdema or congestive cardiac failure could almest certainly
be caused by overdosage in these circumstances. James e al.
(1954) found elevation of systolic and occasionally diastolic
pressures during infusions. Headache, nausea and abdomiral pain
sometimes occurred. Epistasis and haematuria were also noted.

Usually, the diuresis followiny single infusions 1o such patients
is transient, lasting only 24—48 hours. An increased loss of
sodium and chloride also follows infusion so that oedema fluid
is excreted but the effective removal of much oedema necessitates
repeated infusions every few days. Exceptions to this rule occar
(Syuise, 1953} as witle other coli idal infusions such s gum
acaci:, proviowly given for reliel of ocdema; when the rapid
celict of oedema follows only onc or two infusions, it may be
suspected that spontancous diuresis micht soon Lave ceeurred in
the abrence of intravenous therapy. Olive ef 2/ (1953) spcifically
note cheir Jiseppointment with duxtran us a form of treatment,
in that recurrence of oedema at the end of a course of treatment
was ihe role.  Wallenius, on the other hand, found thit when
vedema was relieved by 7 or 8 infusions, the appetitz of his
vatients improved and relicf lasting at any rate for months might
follow. In bricf, this forin of therapy doucs not seem to lead to
any radical change for bettor or for worse in the behavious of the
discz<ed kidney. After disappearance of dextran from the blood
and return of plasma proteins to pre-infusion level, proteinuria
is neicher Juss nor mote than hefore infusion.  As high protein
diets appeat slowly to improve these patients, a period of sympto-
matic relict epabling a better dietary intake to be instituted may
help the p:tients indirectly.

Neverth.less, studies of this kind have helped to throw light
on the puuzling group of conditions classed as the “nephrotic
syndrome”.  The sudden rise in sodium chloride excretion
following an infusion which apparently mainly e:fects an increase
in plasma volume—either with salt-{ree dextran which Jdepresses
plasma protein level or with sait-free albumin which - auscs 2
transient rise—proves that these diseased kidney. are by no means
incapable of excreting chlorides under the appropriatc physt-
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loprical stimulus. Auothur finding yet to be explained i the long -
lascing reduction i serum cholesterol levels to moie normul
values recorded by Moliison and Reanic.  These authots al-o
used preparations of dextran of vagious molecalar sizes, and nowed
more pessistent effects with the larger molecular sizes, bat
greater immediate increases in plasma volume with the smalier—
effects which would have been predicted from considerations
outlined in previous chapters.  The important contriutions of
VWallenius (1954) in noting the passage into nephirotic urine of
larger dextran molecules than are excreted by normal kidneys
wiil be considercd in detail in Chapter VL.

REACTIONS FOLLOWING ADMINISTRATION OF DEXTRAN T0O MAN

The intravenou. injection of any solution ray be followed by
« felstle reaction unless certain well-known precautions ate takon
during the preparation of the solution and unless the substances
ia solutior: can themselves be prepared free from pyrogers.
Yixperience has shown that dextran solutions can be prepared so
Wat e incidence of febrle tenctions is no greater, and in fact
often very much less than, the inciderice observed after tle
administration of blood or plasna or saline (Bohman:son e a',
1946; Bohmanszon e af., 1948; Thorsen, 1918; Bull er al., 194%;
Wilkinson, 1951; Maycock, 1952; Wilson of al., 1952).

Adthough it was perbaps to be expected diat examples of sen-i-
tivity 1o dertran, a bacterial polysaccharide, waould come to ligh,
and that this type of reaction might be more iroublesome thin
the febrile ruaction, the earlier reports of the use of dextran
suggested that such reactions were few. Thus Bohmansson ¢f 4/,
(1946) statc that scasitivity to Swedish dextran was obscrved in
“occasional cases”, and manifcsted by transicat urticaria ard
pruritus.  Bohmansson ef al. (1948) mention that “anfavourable
reactions in other respects”, i.e. other than pyrogeric, occurred
in less than 1 per cent of 1500 patients, receiving between them
50100 bottles of Swedish dextean. Thorsen (1948), discussing the
same serics of cascs, refers to asthmatic attacks, urticaria, falls of
blood pressure and lumbar pain.

L undy e/ al. (1948), Turner ## </ (19-49) and Lundy e «/. (1950)
ronored urticarial and alleegic reactions in a high projcrtion of
s utesthetizad paticats who were given a solution of Swedizh
dentan, prepazad dn the United States from the impoered dricd
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polysaccharide.  In the papers of Lundy and collaborztors,
however, it was also obscrved that imported Swedish dexiran
solutions did not cause urticarial or allergic reactions in anacsthet-
ized or unanaesthetized patients.

In @ scries of 1647 patients, who received a British dextran
solution, 15 patients exhibited rezctions of an urticarial, ailergic
or anaphy lactic nature (Maycock, 1952).  Of thews 15 patients,
9 extubited mild generalized urticaria, one devetoped nmiarked
oedema of the eyelids, and onc vomited and complained of
persistent headache for a week afier infusion.  Four patients
exhibited morc severe reactions, sia:ling shortly #ficr the begin-
ning of the infusion, all of which were characterized by a vaso-
motor collipse, profuse sweatifig, coughing, vomibting and
cyzoosis.  In addition thz followany wymntoins or sicns were alss
nowed it one or more of these 4 puicnss; intense hypersemia of
the face and arm, urinary and faces] incontines.ce, niuscular
spasnis, paio i the loins, pain in the chest, oeder:n of tise face,
eyclids and 1ads. The 17 patients yeceived betwera then, seven
different ba nos o dextran, bottles seom all of witich had been
given to musy otuer paticnis wilaout untoward cfiests of any
Lind.

While this survey of paticnts was beinyg made in Viagland, it was
observed in America that 33 out of 64 unanacsthetized normal
convalescont soldicrs exhibited renctions to the intravenous in-
jection of 500 mi. of Swedish destian, that only 4 out of 45
soldiers under spinal or gencial anzesthesia reacted and that the
reactions were milder; and that ooly 8 reactions occurred among
97 scldicrs {(of whom 27 werc ancesthetized and 2 exhibited
reactions) after the injection of 500 ml. of American dextran
(Tartow & Pulashy, 1953). British, destran given under similar
conditions to a group of 9 unanacstherized soldiers was associated
with reactions in 4. The symptoas and signs characrerizing
these reactions were similar to these reported by Maycock (1952},
and were ameliorated by antihistanuinic drugs.

On the other hand it was known that iaany thousands of bottles
of Swedish wnd Lritish destran selution had bea. given withom
antoward cricet to civilian and wiliary pauents sufferin. from
oligaemic shiock and other conditions in furope, and that :maller
amounts of these dextran solutions had also becnn useG accss
fully in America in the treatment of such paticnts. “ihe Yact that
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Pulaski’s obser.ations were raade aliicyi exclusively on ax con-
valescent military population suggested that the nigh rewction
rate might be related to the “imniunization state” of the v./ian-
teers. However, no significant difference was obrerved in the
incidence of adverse systemic reactions to two difivreat briches
of Swedish dextran among 30 immunized and 51 unimnwnized
s Miers.  The overall reaction rate was 31 rer cont (Navonal
tesearch Counci!, January 1952).  in this trial no progrosically
helpfal correlation was found between the local reaction to the
intracutanecus injection of clinical dextran solutions an? the
subsequznt deveiopment of systemic reactiony; a corrciation
howevey appeared 10 exist berween the conneous o
certiin mowe higtly branched nutive dixtrans and aaleogieot
renctico re. Ina later trial (National Rescarch Council, Apriz 1952)
a significant degrec of correlatina was obscrvec i nermal
veluntecrs between cutaneous reactions to Sweanh chnical
dextran and the incidence of systemic reactions following intra-
veaous fujecidens of this dextrun.

Hoiseo & Lund (1953) and Wilkinsen & Srorey (1950) have also
described the occurrence of simiifar systemic reacticns in sotaller
series of norraal unanaesthetized sabjzcts e the infusion of
560 ml. or 1000 ml. amounts of vatious Fnglish, Norwegian and
Swedizh dextran solutions.  Wiikinvon & Storey observ..d in
their series of 5 volunreers, all of » hony echibired reactions, that
(he phisma volume (as followed by Taematocerit changer  de-
creased for some hours after the e.:d of the infusion and ther. rase
to 2 level above that of the pre-infusion plasrma volume. U':istd
and Lund, in a scries of 29 volunteers, noted that this phie of
a reduced plisma volume did not ceeur in non-reactors. I'hese
authors obscrved in addition that the severity o f reactions app: 1red
to he inverscly related to the titne whict, had clapsed since T. \.B.
inccalation.

it may be concluded that ceiwuin individuals appear to be
sensitive to duxtran, that this sensitivity is manifested by urticaria
or a generalived reaction of an allergic or anaphylactic natere, and
that ev.dence of sensitivity is more read iy shown by wianavsihet-
ized normal individuals, as opposed to anacsthetized pormal
individuals, and, apparently, paticats whether anacsthetized or
not, who are suifering from oligaemic shock or other illness,
It al-o <cems clear that these types of reaction are more viten
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associated with dextrans prepared from certain strains of leucono-
stoc (Heisto & Lurd, 1953; Tarrow & Pulashi, 1953). Ia the
American trials referced to above, the more highly branched
Jdextrans were associated with a greater incidence of reactions
than the onc less bianched dextrun vsed. The xesalts also sug-
gested that dextrans of high average molecular welgsht wers more
pronic to cause reactions than dextrans of low average molecular
weizhts; confirmatory cvidence of this s required.

The overall incideace of scasitized individuals iv not known.
Except in geceral terms, the incidence of seasitiviny to any one
form of dextren is not known; c.g. individual: i e Amwerican
poplaiion who are sensitive to the Jextiun ovigioally prenared
in »weden and to one of the Britich types of dextran appear
to be more numerous than individuals semsitive o American
dextran,

Several altvrnative explanations for these reactions pie Leen
suggesicd; noae has yet been coaiirwd,  Heire & Sugg 11950)
and Fichre of 4. (1552) suggested, oo the basis of the cros-reac-
ticns they had shows between rabbit pneumococcal aniiscra,
types 11 and XX, aid native and clinicel destran, that the anti-
body-coubining proprrties of dentran snovld be regardzd as a
thearetical source of danges 1a persoas who posiessed a hich
titre o the approprite antibedies at the tinw of inj-crion.  Like-
wise antibodics to &L fphi and other picubers of the Salranelic
group (Zozaya, 1932b; Neill & Abiahams 1951), or to Srrepie-
cacens, Gronp 1, grown in sucrose broth (Sugg ¢t f., 1942) all of
which have been shown experimentally to cross-react with dex-
tran may be resporsible for reactions in Fumans, although the
sesults of tests on American soldiers appear to excalpate anti-
bodics to Si/ronella typhi and S. paratyphosi A ard S, paratyitesi B.
Unfortunately th ticres of antibodies tu these various bactesia do
not appear to have been investigated in patients  exhibiring
sensitivity.  Sccondly, individea's who exhibic sensitivity to
dextran, may have become muaunized to dextran in one of the
ways discussed on p. 43 and produced specific antibodics t©
dextran.  Here aguin the titee of such antibodies has not been
investigated in paticats exhibiting sensitivity. i

The significance, with regard o reactions, of the presenae O
amgiutinatine antibodics to certain struns of L. meseater: o in
¢ erral haarran sera (Warrono et o/ 1950) i3 net yu knewn
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A sativiactory explacation of the high inciduice of reacties
to certain dextians shown by unanaesthedzed normal individuals
conpared with the low incideace of reactions to the sane dex-
t1a05 shown by unanacsthetized hosuital pativnts has not vet been
fouad. Tt is possible there may be ad cnal cortical over-activiey
in the latter group, whica diminishes, or entir.ly inhibits, reac-
tions to dextran in individuals who weuld, under normal circam-
stances, exhibit sensitivity.



Caarrrr VI
EXPERIMENTAL USES OF DUXTRAN

IN the proceding chapte:s, an outline has been given of the
chemical propeniice of dextran so far us they are yet known,
and of the behavious of destran i tiie body, both under circum-
stances of deliberate test and of therapeutic usage.  An attemnpt
has been made o indicate che variable etfects of dextran prepaca-
tior.s drfering 1 nolecular size a il steucture, and afising out
ot tiis Laowledge, to define the kird of specification nceded to
ensurc the prey ision of dextran satisfactory as a plasma substitute.
So far a numbes of experimental studics have not bevn described.
Theeghat tiest oht some of these izl be classed as “acadeiie”
they aze in facr bighly selevant jn two distinet ways to the prob-
lem of how bust te use therapeutic substance: iike destran in
mecicine.  Io e fiest place, they indicate i more dewnil the
possink: vadations of response 1o difereat sorts of dexiran,
Then they throw {resh light on the bedy's reactions io the
administration of foreign wacromelocular substances like dexzuan,
and su indirectly on the cffects of other nawal large mol.ouics.
Sonte investigations likely to be useful were outlined by Squire
(1951). Certain limirations of 2 practical nature have so far been
imposed on such srudics raainly from the dificulty of supplying
suitable preparations of duextran.  For clinical purposes, a con-
stant type of piepatation is mainly required, and a modenate
degree of dispersion in molecular size is tolerzble.  In guacral,
the experimmentalist desires to cempare and contrast the effects of
diScrent molecular sizes and structares, but would like cach
preparation to be 2s homogencous as possible.  Econcmic
considerations, as alteady mentioned, Lrait the production of
such materials, though several manufacturers have on occasion
produced narrow-cut fractions of vatious sizes for individual
tests. '

Dextran has paturaily been used by the experimental physio-
logist for the resuscitation of animals and to study homeos:atic
mechanismus (var den Heavel, 1949). But the main experin. ntal
wses 0 devtran so far exploited consern i€ setfcctonth crythrooyte,
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]
chaucged derivatives of dextran.

its passage through body membrares, snd the devetopinent of
EFFECTS ON LAY MHEOCY IS

The effect of Jexcran in causing acressed roubuauxX rormaion
and so raising the erythrocyte sedimenation rate has been de-
" scribed in Chanter NI This efect scems direcdy analogous to
thut of fhrinczen (Hlardwicke & Squire, 1952} und sc can be
used to elucidate more fully the mechenism of the rise in eryti:ro-
cyte sedimentaticon rate familiar in various discase states. It can
2lso be used to repluce fibrinugen for processicg of blood inro
various fractions; admixture of s1y one part of 6 per cent dex:ran
(peeferably with molecular weight 209,00 —-5(:3,000) with ten
parts of whole hiood causes rapid apgroyation ana sedimeatation
of erythrocytes, leaving leucocytes, phitelets and plazma protcins
in ti.o supernatart layers in a srate suitable for fusther proces:ing
as required.  The detaiis of the physicochemical process by which
destran causes crythrocyte ag vecation are still unknown.  At-
tempts > show that dextran iz adsoroed on i the orythro vte
sutface (Rvttinget ef «/., 1952) have nor been snoceseful with the
chemics] methods so fae used, and with the more delicate s co-
looical mcthod, Mayeock & iorcnz (unpuihsied ohservatl ns)
Fove shoown thut the red cells can readily be washe d free fom
dextran.  Tn this and other expedimenial application:s  the use of
radicactive dexrran synthesized from HC-containing wucrose may
give valiible rosults. .

Atteropts to use dextran in place of alburin as 2 mudium tor
deiceuny sucoraplete thesus antibodicr, first sugrestad by Grubb
(1949), have been only moderately successful. Richardson-Jones
(1950} showed that the dextran concentration was critical since
there was only a small range within which it gave reliable results;
high conceatrations led to rouleaux formation. Ikin (e Mollison
et al., 1952) showed that small molecular weight dextrans (22 000
and 38,000) faiied to give good agglutination; d-urrans of laziger
molecular weishts (124,000, 220,030 and 700,000) caused in-
completc anti-1) antibody to agglutinate D-positive culls to a high
titre. The agelutination effect appeared to increase with molecular
wright, but for any given dextran there was only 2 narrow effeerive
roope of concentration; above this range false positive reactins
Qo roukar: were abserved and below it satisfacto: y agglutina-

N
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tion did not occur. Dextran cannot ba reenmmended for routine
use ia bloed grouping in place of alhuiaia, si-ce each preparation
of dextran solution would hzve to be standardized vwithin narrow
Limits before it could be used. When “narrow-cut’ fractions of
dextran are available they may find 2 piace in the blood groupiny
laboratory.

PLSSAGE GF DENTXAN THROUGH NATURAL MEMBRANLS

In clinical use, the colloid osmotic effect of dextian depends on
its retention within the vascular system for a suflicient period.
This restriction of the passage of dextran through a membrane
freely permesble 1o crystalloid substances, such as the capillary
walls in vadeus parts of the body, can be imitated in vitro by
suitable prides of nitracellulose mombrane. Such membzines
are requirad for the measurernent of colluid vsmuotic pressnre with
dextran solatiorss (cf. Chapter IT).  They have also been usedin
the laboratory for concentration of weak solutions ot procein,
such as il corcbrospinal fluid; specimens of cerebrospinal uid
are placed in a small nitrocellulose thi mle whicth s then dipped in
a strony sotution (.. 20 per cent) of dextran. Withina tew hours,
much of the fluid bas been withdrawn by osmoric torces dhrough
the thimble membrane, leaviag behiud a concentrate of cercbro-
spinal fluid suitable, for exan:ple, for further examination by the
technique of paper clectrophoresis,

Whereas niizoccliuiose me:nbranes of small mean pore diameter
retain both piasma proteins and dextran, ochers constructed to
have larger pore sizes can b used in ultrafitration experinients
to separate at any rate partislly the smaller molecules of plasma
from the larger (e.g. Grabar, 1936).  An apparently similar pre-
cess occers in the kidney as saggested by ihe finding thiat dextran
molecules excieted in the unne are of smaller avrae melecalar
size than those of the polydisperse preparation infused (Bull - al.,
1949). As altcrnative explanations of thi; finding could be
advanced (e.g. breakdown of large molecules to small within the
body), Brewcer ( 1951) carried cut deliber:te tests in rabbits using
narrow-cut f1actions of mol-cular weisht 5.000—10,000, 25,000
and 38,0079, B, measuring the renal clearance of these preparitions
at vatious leveis of plasma concentration, Brower was able 1o how
that the renal tubules did not appreciably atfect excretion < dtiter
by secretion or by reabsorption. The problem theretore corceits
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e permeability of the renal glomeruli to mactomoleciles.  In
Lise rabbit, at least, creatinine clearance is regarded as a sacisfactor

measute of wlomerular filtration rate for water and other small
molecules. By comparison of dextran clearance wich creatinine
clearance, it was found that whereas the low molecular weight
(5,000-—10,000) dcxtran passed the glomerular membrane as
readily as wawer, those of molecular weizhts 25,000 and 38,000
oniy pawsed ar 19 per cent and 6 per cent respeciively of the rate of
passage of water. This finding represcats 2 fundamental step
forward in our undersianding of glomerular fitration, since the
previous cla-sical concept based on the excretion of hizemoy lobin
and retestion of albamin suggested a sharp differentiztion between
molecules just below and above toe moluoalar weight rnge
G3 000 (8,000 (Bayliss ef o, 1933). ‘iranslared into o membrane
pore tix-ory—-the si:aplest way of interpretangt these new resiults-—
all of th.: pores in the glomerular mebranc transmit molecules up
t6 abore 16,000 molecular weight, and, wheeas sor.c of the pores
are unable to transmit larger molecules, ¢ hers ¢an. Some form
ot *ro- wal” distribution of pore size < ‘ndicuzed by tiese results
and woild indeed be in line with ceneral biologicd principles.

Ti ese fadings accord with the gradud pecmeability to protein -

molecn s of various sizes of the kidney in the nephrotic syndrome
(Sqquite, 1953).

The “tensl clearance of dextran as 2 measure of glomerular
pezmealidlity” has been very fully examined by Wallenius (1954;
¢ p. 24). Wallenius has carried out pumerous tests in dogs
and in humans with normal or protein-leaking kidneys. De-
tailed characterization of the dextran fractions used is a featare
of this work. These studies in dogs and in normal humans
are much mote cxtensive thaa thosc of Brewer, and fully con-
sirm that work. A most important finding is that the glomeruli
of those patients with proteinuria eransmitted larier inole-
cules of dextran than did normals. A very carcful discussicn
is given of the general relationship between the size of the
peactraiing  molecule and the suructure of the membranc.
Here Wallenius considers the theory of disperse pore size, pointing
out that diforential rates of filtration could occur to some extent
¢+ it through a membrane with homogencous pores if these were
ouly just large enough to transmit the macromolecules concerncd
{i.c. would exert a kind of frictional slowing of mecromolecules

CLTERIE
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relative to water and other small moiccules).  He also refers to the
ideas of Chinard (1952) who, like Govacrts & Lambert (1953),
considers that diffusion of macromolecules must be considered as
well as ultrafiltration.

So far, the renal glomerulus is the only body membrane ade-
quatcly studied in this way. It is o be hoped that such work
will stimulate consideration of other special sites such as the bleod
cerebrospinal-fluid barrier, the placenta and tae membrane
scparating the interior of joints from the circulation.  As with
the kidney, valuable information might be forthcoming of altera-
tions in disease, for certainly there is frequently to be found
increased transmission of the larger plasma protein moiecules in
inflammatory states.  Little is yet known of the transiission of
dextran by the general capillary bed, though Wallenius (1950) has
argued from indirect cvidence that small dextran molecules pass
into the oedema fluid of nephirotic parients.  Clainis have also
been put forward that a plasma subsiiute of larger than aormal
average molecular size is better reteired within the circulation
(Boyd e# ul., 1953), but further work with narrow-cut fractions
is required properly to evaluate this suggestion.

CHARGED DMRIVATIVES OF DEXTRAN

So fir in this book, simple dextran degraded by hydrolysis has
Leen considered.  ‘This is a substantially uncharged molecule,
and ti.crefore relatively inert in its chemical behaviour, in or out
of the body.  But by treatment of purtially hydrolyzed dextran
with chlorosulphonic acid in the presence of pyridine, dextran
sulphates are produced, and these Lighly charged 1aolecules have
an emirely different series of reactions.  The main use of dextran
sulphate so far has been as an anticoagulant having propertics
in this and ccrtain other respects sin:ilar to those of the endogenous
product, heparin (Ricketts & Walton 1953). Lest any confusion
arisc it shouid again be stressed that dextran itself has no appreci-
able anticos; ulant effcct i vifro or in viva.

A full discussion of the properties of the dextran sulphates,
which depend not only on the molccular size but or. the degree of
sulphation (i.e. charge) would occupy another monograph. But
the principle that new propertics are conferred by the introduction
of electrical charge into @ macromclecule is wosth consideration
in the rencral context of plasma substitutes. Plasma itsclf ¢on-
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sists of 1 mixture of at least 12 main protein componcats, Lae
specific functions of which are hecomirnz increasingly undurstood.
So far the plasma substitutes proposed for ractical use consist
of macromolecules similar in size to serum albumin; they posscss
the single uscful quality, so far as is known, of colloid osmotic
prussure so that their admiristration can tide over a period during
which the circulating plasma protcin mass is depleted until the
body can once more achicve a balince betweea production and
utilization of the various plasma fractions. ‘The inettuess of the
substances chosen, especially marked in the case of dextran, is
no doubt respoasible broadly for the impuaity with which, in
raodate Jdosage at least, they can be introduced.  But if *hese
macs.molecales can now be further modified by chemical ireat-
ment, is it not possible to provide suiutions (probably mi: tures
of v.rious chosen fractions) which would subscrve othier vital
functins of the plasma ?  Transport of metals such as iro : and
coppr 1 (atarally a function of £-lobatins), of bile pig vents
(a furction of scrum albuming and G lipids (funciions of «- and
B-plobulins) arc obvious examples of propesries which :night
asefully be imitated.  Charge, too, muy be of importauce in
restricting the passage cven of nucromolecuics dirongh mem-
braros, At physiological pH, he plasaw. pr. steins, though still
acting as butfers, are predomivantly Loheving as weak bases.
Fints such as these at least suggest further search for plasma
substitutes which might successfully replace rather morce than
one-half of the plasma—the level beyond which evidence sug-
gests currently available materials cannot be given without some
risk of harm. Too much success shiould not, perhaps, be anti-
cipared—at piesent it is hard to see how some of the very spccial-
ised functions of plasma could in any way be imitated. But with
the irtial work of Bayliss and others on gum arabic still less than
40 yoars old, while electrophoretic and ultracentrifugal analysis
of the compo-ition of plasma is even more receat, the possibilities
of more mari.cd progress are sutely still very great.
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NOTES ON SOME USEFUL LABORATORY
"METHODS

(1) PRESERVATION OF SOLUTIONS

Moulds grow readily in dextran solutions. Sodium azide in 2 final
concentration of 0.01 per cent wjv has been {found useful in preserving
solutions for physical measurements. For physiological work sterilisa-
tion Ly autoclaving at a pressure of 15 lbs, per sq. in. for 20 minutes
is effective. The solution must be ncutral otherwise partial hydrolysis
with change in molecular weighe distribution will occur.  If reducing
sugars are present some browning of the solution occurs.

(2) DEXTRAN IN POWDER FORM

Clinical dextran is diglyzed to remove salt if necessary and concen-
trated under reduced pressuie to 10—20 per cent dextran.  The con-
centrated solution is run slowly from a tap funnel into a rouating blade
mixer contzining abour 10 volumes of absolute alcohiol when a powdery
precipiwate should Le obtained. Too much water makes the product
sticky.  The alcoho! is then decanted and after mixing with fresh
aleohol the suspended powder is centrituged, washed with ether and
dried in vacro over phosphoric oxide.

Alicinatively a fracdon may be precipitated from clinical dextran
by gradual addition of acetone and standing at censtant remperature,
The syrup so precipitated is then gun into alcohol, as described. Too
much acetone makes the syrup too viscous o pour.

Attempts to add sudicient precipitant to cause complete precipitation
from 6 per cent solution lead to a sticky product which may take weeks
to harden 1o a powder in alcohol.  Complete recovery is therefore best
accomplished by freeze-drying. :

(3) MEASUREMENT OF CONCENTRATION

Standard. A pure dextran preparation is essential to standardize all
methods. Samples of clinical dextran after dialysis are usually suffi-
ciendy pure for this p:sosc. About 100 mg. pure dextian in 2 ml
water is frozen on the walls of 2 10 ml. ampoule and the water removed
by sublimation at 0.1 mm. mercury pressure. -Drying is continued at
100°C. and less than 0.1 mm. Hg over phosphoric oxide to constant
weight. Using pure dry dextran for preparation of standard solutions,
accurate concentrations can be calculated from:

(a) optical rotation: (b) refractive index: (¢) chemica! methods.

(@) Optical rotation, (]} == 1-%,1? where 8 is the obscrved rotation
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in sodium “D” light at 20°C,, ¢ is concentration in o, per 100 k. and /is
leagth of solution in decimeters. For NRRL—13512 clinical dextran
2]} = 195°-200°,

(#) Refractive index.  For pure water the refractive index at
20°C. is 1.3330 and the specitic refractive increment for dextran is
0.00153 per g. per 100 ml. in light of wavelength 436 my..

(¢) Chemical deterinations. The principles involved in various
mcthods are described on page 20 ¢f seg.  For most purposes satis-
factory results may be obtained with the anthrone reagent (Roe, 1954)
or a similar but stble reagent (Lunt & Sutcliffe, 1953).

(4) INTRINSIC VISCOSITY

Four sclutions with accuratcly known concentrations of about 2,
1.3, 1.0 20d 0.5 g. per 100 ml. in water (or saline) are prepared.  The
relative viscosity of cach soluticn s nicasured using a U-tube viser meter
with flow time for water of about 100 seconds.  Specific visco ity is
obtained by subtracting 1.00 from the relative viscosity,  Specific
viscosity divided by concentration is plotted against concentsation,
giving a linc which can be extrapolated to the viscosity axis, the inter-
cept beiny the intrinsic viscosity [n].  For very precise work a correc-
ticn for the kinetic energy of the moving solution in the viscometer
may be introduced and measurements may be needed on more dilute
solutions.




APPENDIX II

Susomany or PossipLe VaAriATIONS or CLINTCO-PATEOLOGICAL
PINDINGS In PATIENTS WHO HAVE RECEIVED DEXTRAN

BLOOD

Erythrocyte sedimentation rate.
Haematocrit, haemoglobin, red and
white ccll counts. :

Histology and relative mumbers of
formed elements.

Copper sulphate method for plasma
protein,

Papet clectrophoresis of plasma pio-
tein.
Blood sugar estimation,

Blood grouping and crosstnatching.

URINE ‘
Specic gravity.

Glucose.

Raised {see p. 23).
Lowered in proportion to
dilution by dextran for
varying periods.
Unchanged.

With high dextran lavels
drops may pot form. Value
cbtained is an index of total
colloid and not necessatily
of plasma protein,

Puttern not aflected.

When alkaline copper re-
agents are used some ~f the
copper may form a com-
plex with dextran s in
Hice & ‘Therse: metaod of
estin:ation” of dextian (see
p- 21

Some integference u: high
dextian levels due to roul-
eaux formation (see p. 30),

Raised during excretion of
dextran,
As for blood sugar (see
above. )
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FAILURE OF LOW MOLECULAR WEIGH'T
DEXTRANS 1TO ALTER THI FREQUENCY
OF LUNG METASTASIS
Report on the 1’2 Carcinoma of the Rabbit

SuniNnek Wooun, jk., i * R RoOBINSON Baktr, uno anp Jo HL JOHNSON, D

Three fractions of low molecular weight dextrian (10,000, 10,000 and 70,000
were administered intruvenously to Laborators Lop rabbits before or after in-
travenous inoculation of ascitic ¥2 carcinoma cetls. The hiequencey of pulmonary
metastases was unaltered by dextran treatment. No extrapulmonary tumor was
found in any instance. These findings are discussed in rebation 10 the studies of
ocher investigators and the need for additional experiments emploving a varjety

of tumors and hosts is emphasized.

18 REPORT RECORDS THE FALLURE OF TOW
molecular weight dextrans (MWL 10,000,
40,000 and 70,000) to influence U e frequency
of pulmonary metastases vesulting from the
intravenous inoculation of asdit: V2 carei-
noma cells in rabbits,

Low mole ular weight destran has been re-
portecd to oat the erythroevtes, plaelets and
vascular endothelivm® and has boen used as a
“desludging” or antithrombotic agent in a
variety of cxperimental and clintcal  situa-
tions. -Most of these experimenis have heen
performed with traumatically induced venous
thrombi, Su-h thrombi are initialh and pre-
dumm;mll\' composed of platelers, ™ contain
ltle o o Bbrin!™ ¥ and may o in the
shseiree of o brinogen o1 filain.? [t has heen
sigeeved that the function of desan man be
el o 1y oy action on plateler Cmewich
ad b s ' have demonsteued bat desban

NG O v e pu'wnling AU e venots
, o0

bio aherveas hepinin is cffecn e

o aechanisms of metastasis loynaion
from  d-horne tamor cells huve bheen re-
“““ : lh-{:;uum-nls of Pahabog. ad Sargery,
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N1

viewed previonsh B0 By divect in vive
microscops, Johnson ol Wood#t desaribed
the sequence ol cvents oceurring when asis-
pension of ascitic V2 carcinome ey is infused
intraviscubaly by microcannulation ot small
arterics o arterioles (10 to 100 ). "Three sepa-
tate types of thrombi e fonmed:

1At o pry thirombis (or hemostatic
plug). composed predominately of plate-
lets, forns almost instntancously about
the punciire wownd in the vessel wall:

9 When V2 Gocinoma cells were slowly
infused. they were enimeshed within o
tenaciows hbrin matix with remakable
speed: oy thyombi ave sotter and mote
delicate than those ol the ey 1y pe md
both e devoid of arvthiooes:

s

30 Filteen 1o 20 min alter formaion of
the tomor toombis, o friable and deli-
cate ved ool thiomdas occuns by aesiesa
Hon ol civthiroovies,

I he uloastiuctad details of these thiomin
it evahation. Selected lors ol wokinase
activaned o streptokinase activated plasminn
gen (plasmin will hose the ved cell and timon
thrombi hut poduce no alteration of injuny
tnombi. When infused affer the intravenons
injection of cancer cells. these filninolvi
agents significantly reduced the freguency ol
melistatic tumor ™ Protection against expuii-
mental metastatic tumor has been reported
with Doth anticoagubimts  and - fibvinolviic
T TSR R R

Cancer cells, espedially those of the V2 car-
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cinonit, ave vich i thromboplastic activity.
Lawrence ot al®321 assayed  suspensions of
cells derived from the solid form ol this tumor
in rabbits and found a corvelation hetween in
vitro shor tening of the prothrombin time after
intravenous injection and in vivo thrombo-
plastic activity, ‘Thoies* noted that extracts
of the solid lorm of the V2 carcinoma contain
8 to 10 times the thromboplastic activity of
the ascitic lorm and that the activities of both
were predominantly heat stable, Holyoke and
fchibashi®® reported  that the uansplinted
mouse satcomi 121 and spontancous mams
miry tumor (G4 possess bath heat stable
and heat labile thromboplastic activity, In
contrast, breast tissne  lrom  precancerous,
force-bred  temales shows  little  extractable
throwhoplasiin activity. O’'Meara. 'Thornes
and associates® 202752 Lnye deseribed cancer
coagulative factors (CCFY in hunian tamors,
The thromboplustic acuvity of CCEF s in-
hibited by ilhinoh tic agents? or low molecu-
lar weight dextran (10.000).5%

The elfects of low nolecular weight dextran
(10,000) on intravascular tumor thrombi were
observed using in vivo microscopn 2t In B
sepavate experinents, there wis no inhibition
of thrombus Tmmation. No lysis of tamor, in-
jury or red coll thrombi occurred. Despite
these negativce findings, the persistence of an
interest in the possible use of low molecular
weight dextians (10,000, 10,000 or 70,000} to
prevent or disrupt aggregation or ¢ndothelial
adhesion of blood-borne cancer cells led to the
additional experiments reported below.

MATERIALS AND METHODS

Laboratory Lop rabhits® weighing 1.3 to 2.8
kg were caged individually and were provided
with Purina lab chow and water .l libitum
throughout each experiment. The tansplanta-
ble tumor cruployed was the ascitic form of
the V2 carcinoma containing 5105 16 cells/
ml, havested under serile conditions. A 2 ml
aliquot was diluted I 500 with watn (37.5°C)
Morgan and Parker’s Mixtne 199 (containing
bicarbonate bulfler, penicillin and  (hloram-
phenicol) in 2 large beaker and wa- agitated
gently with a magnetic bar and rorator. All
injections were performed intravenoasly via a
22 G needle inscrted into the marginal vein
of the ear. Fuch rabbit reccived a single in-

® Bred at the Bar F Rabbitry, Perry Hall, Md.
t Pharmacia 1 aboratmics, New Market, N.J.

oculation of 10 ml of diluted ascitic {1 <on.
taining 25-50x 103 cclls.

Four separate experiments are repe:ced, I
each the dexiran solutions, 59 dex'iog in
water and normal saline, were admiiggey
intravenously.

Lxperiment I: Forty-five rabbits were ot joq
randomly into 3 equal groups averagin- o ko

Group I animals (controls) recciver - 1,

rr . 3 . /

kg of 59/ dextrose in water immedi.. .y,
fore inoculation of tumor. Low Piclelap

wcight dextran [average molecular o, orht
10.000, 10¢4, solution in 5%, dextrosc i vy
Pharmacia lot no. T0644 (dextran-10;! .. . .
ministercd in a dose of 15 ml/kg 1.5 of
bodly weizht) immediately prior to iny ctiny of
tumor cells in group 2 and immed: 7 .
lowing tumor cell injection in group

Lixpeviment I Uhirty rabbits vore g,
domized uto 2 groups averaging 1.7 ke Five
dows of low molecular weight dextran [Rheg.
macrodes,t average molecular weight 40,000,
6¢, solution in normal saline, Cuttcr lot nn,
T1'7324 1 (dextran-10)] were administered,

After inoculation of tumor cells, the con.
trols, group 1, received 5.2 ml/kg 59, dextrose
in water at onc-half, one, 2, 3 and 4-hour ip.
tervals, Group 2 received tumor cells followed
by 14.5 ml/kg of dextran-40 at similar inter.
vals, a total of 72.56 ml/kg (7.25%, of the body
weight).

Lxperiment 11I: Forty-five rabbits were
divided into 3 groups, each containing 15 ani.
mals and averaging 2.3 kg. Group 1 control
animals received 59, dextrose in water, 13 ml/
kg .1t 60 min and 6.5 ml/kg at 90 min, follow-
ing the inoculation of tumor cells. Low molec.
ular weight dextran [clinical dextran, aver-
age molecular weight 70,000, 5%, in normal
saline, Cutter lot no. TT3293R (dcxtran-?ﬂ)
was administered to group 2 in a dose of 2.
m!, kg and 10.8 ml/kg 60 and 90 min after
injection of tumor. A total of 32.5 mlfkg of
dextran-70 was inoculated, an average of
ml/rabbit or 8.259,, of the body weight. Group
8 received the same doses of dextran-40 at 60
and 90-min intervals after tumor.,

Experiment IV': 'Thirty rabbits were divided
into 2 groups averaging 2.3 kg. T\ enty-five
min after inoculation of tumeor, group 1 con-
trols received 15.2 ml/kg of normal saline. In
group 2 animals dextran-70 (Cutter lot no.
LT'1'82934), 152 ml/kg, (1.5¢, of the body
weight) was injected 25 min following tumer:

All rabits were killed 25 to 29 days after ine
jection of the cell suspension and the amount’

%

"
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% .
sod Jocation of tumor werce recorded without
inguledge of the ticatment received until all
e mimals in an experiment were necropsicd.
T number of lung tumors in cach rabbit
ver¥ recorded by onc individual (S.W.). No
(x'qu]mona‘ry tumor was found.

I

RESULTS

The results of these 4 experiments arc pe-
«otd in Table 1. Dextran-10 administered in
adamge of 15 ml/kg (1.59, of the body weight)

w no protection when administered im-
uediatcly before or alter the tumor, Dextran-
# #n 5 divided doses during a 4-hour period
{otal (losage 7.259%, of the hody weight) pro-
vided a slight but significant protective cltect
@<0.05). However, in experiment 1 dextran-
# and dextran-70 administered at 60 and 90-
win intervals following the injection of tumo
! in a dosage equal to 3.39 of the body weight
; proved ineffective. When dextran-70 was in-

rcted 25 min following the tumot in a dosage
" equal to 1.5%, of the body wcight (experiment
IV), there was no significant protection.

Disci ss1on

Vaious fractions ol low molecular weight
dextran have been evaluated in i number of
experimental tumor sy~tems. Grifingand Aust!®
have demonstrated that destian-16 is capable
o redicing metastatic tumor deposits when
fven prior to the injection of tumor cells in
the mouse; however, these authors also foumd
that, wlicn metastases occur in the dextrin
lnt-ln. ded group, they were of greater numbei
¥l oy

e extensive series ol experinients with

it dizing the intraportal injection of Wal-
k}"l carcinosateoma cells,  Fisher and
Fisi formd that the mmber of hepatic
e s was indreased by dextrin treatient,
Fhiv  iease apprined o he rekaed to the
Xp s of dircalatng blood volumce result-

Mg - the dextian infusion; however, an-

Other on may have played aoole in these
A “utss I the pat, i speciesspeabic reie
tor: wxtpan has been described, Destoan
Atber causes inaeased capillny permea
hl‘_“)‘ ih edema2s 2% Most authors aclate
this ¢ it { 1o histamine liberation but there e
4lso .. e indications that other medyimisms

iy b imvelved (eg., anaphylactoid reactions
oF the fimediate hypersensitivity type).!-
Suhinilerse veactions in this species mav ac

I oad ¢t al. 283

Tanne 1 Rleot of Drestran on Lung Metastasis
Mean no.
Nooof  Pose lang tumars
Group yablite mlb/kg + SE*
Exéwrinm-nt 1
outrol
(5% dextrose i
water) 13 15,0 94.624+ 9.10
Dextran-10
{pretreatment) i 15.0  83.86+ 7.91
Dextran-10
(post-treatiment) 12 1S40 91.334£10.77
Lexperiment T
Control
(59, dexuiose in
witer) 13 20,0 38 30 3.806
Dextran- §0
{post-treatinent ) 15 723 M1 429
Experiment 111
“omtrol
(59, deatrose in
water ) 13 9.3 11,294 1.55
Dextran-70
(post-lreatment ) B 2.5 12.00% 1,69
Dextran-40
{post treatnient ) 14 325 1193 1.99
Exporimeat 1V
* Control
(saline) 14 18,2 67.71+ 4.87
Dextrun-70
(post-treatient ) I} 15.2  33.86+ 0.17

* Standard error,

t In this experiment the Ievel of statistical signifi-
cance for the control v=. treated group revealed P <
0.05.

count for the inacased incidence of hepatic
metastasis in dextran-treated rats.

Alexander and Altemeicr® were unable to
alter the frequency of metastases from blood
borne V2 cardinoma cells developing in sugi-
cal incisions of dextran-70-treated  1abbits,
Schatten et al# reported that dextan7d sig-
nificantly deacased the number of V2 carci-
o metastines in the hungs ol New Zealund
white rabbits, Suspensions of tinnor cells were
prepaned hom stmall picces of solid wanor
passed through a ylosicve, The suspensions
were dituted with saline 10 a concenmintion of
1x105 cells/ml and cach pentabaebital and
ether-anesthetized animal received one ml in-
jected into a surgically exposed femoal vein.
When adininistered citlier 30 min prior o or
30 min after the injection of tumor, dextran-
70 (29, of the body weigllt‘) reduced the num-
ber of gross pulmonary metastases by 89 and
66+, 1espectively. While our experiments and
those of Schatten were porformed in the same
species of “animals with similar experimental
tnots, there were differanees in the strains of
rabbits used, the toym ng tumor cell suspen-
siong, anesthesia, position of the animals and
cxlrlﬁuulin:nily high lrequepey of hepatic i

)
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mors. In o expetiments the number of 1
mot cells infused was greater than tha ye-
ported by Schatten:; howeser, fewer pubiionary
tumors developed inour control animeads than
in those of Schatten. The dilterence in results
may be attrthutable 1o the use of an ascitic
torm ol tumor i om CXPCTINCHEs versus i
thiomboplastinaich soblid twmor in S hatten’s
experiments.

The elinical stins of dextran-1o recently
has been reviewed critically by Couch 't I ]e
crplusized the Lick of prool that the most
tportant clinical dlect of dextran-10 was re-
Laited 1o tactons other than plisnue expansion
and ditition of civthiocvtes. fibvinogen and
globubin, In in vivo studies Meisehnan= an-

“alveed the so-called “How-improving”™ poper-

ties ol dextran 10 on tresh, anticoagulant acid
citrate dextrose human bload. These data in-
dicined thae only Iy hemadilution, with the
accompanying reduction in hematoait, was it
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Possible o acduce the viscosity of whe! Bl
. . {14

No evidence ol a reduction of el , ey,
! N

l('l;u‘lmn (o aperegation) was loun: Mily,
fmdings have heen reported fron o,

studies in dogs Iy Replogle et al 1 ::J";'
cluded thar destan 10 wrthout ll.l'll i iy,
produced no changes in blood i hew
data are in agreement with the di i
microscopic abservations herein 1) tha
dextran-10 was inellective in alteris e

cer cell-camcer cell aggregation or e
endothelial cell adhesions or metast

) "“l.l»
tion.
Doxvans ol virving molecular wer. Live
bheen eflecuve in Preventing metastas .y, SO
studies and complerely ineflective .+ s

in others, Phese difterences in resnlhs i
the need lor favither experimental ¢, Wiem
prior to a dinical nial ol dextian in 1. Pre-
vention ol timaor implantation and ayo. gy
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